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F- ABSTRACT

This report describes a study performed to determine cost-effective anid
technically effective means and methods of automating the functions of DCS
technieal control facilities. In determining the degree ot automation that could be
applied to the various functions, the DOS environment, telecommunications systems
and equipment, and technical control operating activities were considered. The
requirements for Automated Tech Control (ATEC) facilities and an ATEC augmented
DOS were also determined.

As a result of this study, it was concluded that circuit status monitoring provides
the most benefit in fault detection and localization. Automation of this and other
ATEC functions is recommended through use of a processor, which would also provide
controlled data storage and display irformation to manned consoles. -i addition, I
!the processor would correlate statis monitoring information from equipment, links,

and circuits to provide performance assessment and trend analysis. Other recom-
mended functions to be automated include: report generation; remote site ftatus
monitoring; and group patch, Arcuit patch and digital patch switching. The cost
of switch matrices precludes implementation of all circuits, and switching is there-
fore recommended only on, a limited basis, such as for high prioriy digital and audioLIcircuits and selected cxrrier multiplex groups.

The recomme)lJed ATEC configuration provides for Status Monitorii.g, Quality
Control and Central Control consoles to be operated by tech control personncl. Patch I
bays with gealed normal-through contacts are recommended with connection capa-
bility to test and monitor buses which will be accessed by the console operators. An

"integrated orderwire and intercom capability is recommended for coordination and
control between elements of the ATEC facility; with other ATEC and manual technical
control facilities; and with subordinate patch and test facilities, users and communica-
tions suppliers.
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a preliminary systems design approach, in consideration of AFCS Report 5-ORR-67,
for integration and evaluation of concepts and techniques to be developed by the
various task groups. This initial design approach was periodically changed and II
updated as inputs were received from the various task groups.

The other indvidual task group efforts essentially began at these starting points,
esýablished by the Systems Design and Development group. The individual groups
investigated thefi re-e:pective areas intensively, beginning with a more finite deter-
mination of task reqn.1rements, a review of ATEC objectives, and the establishment
of necessary backgrc aid. Candidate techniques and approaches were developed. for
consideration. These ,ere evaluated and selected approaches were justified.
Sourcea of required data were optimized with respect to quantity and value.
The resulting most technical and cost-effective approaches were provided to the
Systems Design and Development task group for integration and coordination with
other tasks. The efforts and results of the various individual study task groups
are documented in the appropriate sections (Section VII through XXI) which comprise
Volume IL of this report, as referenced in Table I.

The System Design and Development task group assimilated all of the Inputs from
,r the various other task groups. This was a continuous process from the commence-

ment of individual task efforts until completion of chese efforts and final generation
of the individual task reports mentioned above. Based upoin the results and recom-
mendations obtained from these tasks, the optimum system approach was developed.
The system requirements were investigated from functional, operational and hard-
ware (and software' aspects. These efforts are documented in Sections MI and IV
of this report. Considerable attention was also given to the cost-effectiveness
aspects of ATEC as documented in Section V. The conclusions and recommendations

resulting from the total system design and development study efforts are provided
in Section VI. Section II provides a comprehensive summary of the total study efforts
and results achieved therein. Sections I through VI of this report comprise Volume I. L

Although the efforts and achievements of the individual task groups were continually
reviewed and coordinated by the systems group, the conclusions and recommendations
reached by the individual tasks a,:e not necessarily consistent with the final syatem
conclusions and recommendations eventually derived by the System Design and

,. Development task. That is, the individual study tasks reached certain recomnmenda-

thons as a result of their individual efforts, and which could not take Into fall account
the results obtained by all other tasks. These 9onclusions and recommendations
are contained in the last paragraphs of each of the individual task reports; namely,
Sections VII through XXI of Volume II of this report. However, when the results of
all of these individual task efforts were combined and considered relative to the over-

all ATEC Facility and ATEC System Design and Development, it was determined
that certain deviations from, or variations to, these results were required. The
rationale and justification for these deviations and variations are contained in
Sections MI, IV and V of Volume I. The resulting conclusions and recommendations

5
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SECTION MI

ATEC SYSTEM CONCEPTS

'M- ND . ~cain ytr
B,. bjc.U"•..

1 ]a r requiremients of the D-veratment of Defense (DOD)

zz r car "-- e- s g--ernenta• l depa•tments and agencias are served by
- -ie uvr.'ae rnitxy. conmurications network. The principal elementI thi ss.*= s Ee Diefise Co0D=P-Aications System (DCS), which consists of

Scr.. it- t-iss!ao f••.• t.es and associated switching centers. The DCS is
co =moA-d by- the Defease Com n•iceatIcas Agency (DCA) and is ope-ated princi-

R ..! R -e -,e•- - for Technical Contrel

Tvz r_% easo ;: effort :-s• mz by the DCA tand the military deparments

to de" -L aer h--:# degree of reliaility and suryivability Into the system;
eT-, all - commun ati systems are suect to degradation and

-,- de t•-•_--ril .bewmena and normal equipment failure. One of the func-
7e , f Tev-- Coan.oo Facilities (TCFy is to alleviate the deleterious effects of

!i •& z-e•ioa•io a ailn.es. Technical Control Facilities monitor the quality
- the system and have prime rasponc'-ility in restoral actions

j z rloss of commmications.

in its role as the controller of DCS stations, • e TCF's interface with a
* desigmated DC-A Oper-tions Center Complex (DOC( element, receiving oper-

ation! direction from the DOCC and auppiying st:- s information to the DOMC.
CertaiL- of tLe DCS sLaticns are designated as DCS reporting stations and submit
mear-real-timar and periodic reports (ODR's) to the DOCC element, including

r-ted-an statlo- for which reporting responsibilities may have been assigned.
,r-ese reports f-ah'Ull the requirements of DCA Circular 310-55-i, "Operational

Dir-ection Man-al of Defense Communications System (DCS)."

In addition to supporting the commnunications requirementa of the DCS, the
TCF is also responsive to the tactical needs of all military departments. Thus,
com-munications resourees are provided for many forms of service, such as
groand/air, ahip/shore and ground/ground as required for non-DCS service.

1
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1.3 Functions of Tech Control

Technical Control can be broken down into three major categories:

a. Fault detection and isolation
b. Restoral of service
c. Record keeping and reporting

These functions in today's TCF's are performed primarily by manual procedures, and
in some cases are aided with small degrees of semiautomated qcualit, monitorng.

1. 3.1 Detection of Degradation and Failure I
In order to carry out his respc~nsibilities, the Technical Controller must be

alerted when a circuit Is in trouble. Trouble may be Jefined as the delivery of an
unsatisfactory signal to the user or the presence of an abnormal condition in a station
or on a transmission link, which, If not corrected- will result in an ansatisfactory
signal to the user. The objective of the Technical Controller is to prevent or minimize -
the unsatisfactory user service on the circuits under his cognizance. The degree to J
which he is able to accomplish this objective is determined to a large extent by the

tools at his disposal. His tools, in terms of the Technical Control facilities provided 1

for his use, must be designed to inform him promptly of any and ai\ trouble affecting
his circuits and to aid in correction.

There are a number of ways in which a Technical Controller becomes aware
of circuit troubles. The simplest but least desirable is for the user to inform the
Technical Controller that the service is unsatisfactory, An alternative is for the

TechnLcal Cortroller to monitor the quality of the signais being transmitted from his
station.

1. 3.2 Fault Isolation

When a trouble is detected on a circuit, the function of the Technical Controller
is to locate the fault and take corrective action. It is essential to the proper operation
of a Technical Control that faults be quickly isolated and corrective action tffected.
In some cases, the trouble may not have caused immediate less of service to the user; 1
however, speed in isolating the fault Is important to avoid service being affected.

1. 3.3 Service Restorai

After detecting a fault and Isolating it to an element of the communications
system, the Technical Controller is responsible for restoral of service. To carry
out this responsibility, the Technical Controller has facilities for patching spare
equipment-, and limited amoents of spare circuite for immediate restoral. Other
situations may require maintenance actions to effect restoral; also, in those cases
where circuit priority justifies such actions, lower priority users will be preempted
to effect restoral. 18
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S1.3.4 Reporting

Reporting and log k-epirg are ns.essary bt time-consuming funciicns for a
Technical ControUier. Reporting requirements for Techniea: Control are established
by the DCA in DCAC 310-5'•1, "'peration2I Director Manual of Defense Commuinca-
tions Systems (DMS", 2rA by the O&M agencies of the varicas military departments
in such documents as "Navy .Operations Reporting Requirements for Automated
Tehn a Controls' for the Navy, and AFCSR 100-17 for the Air Force. AlthouhI-be ATEC scidy group did not receive any Army documents covering their reporting
requrements, It is wxderstood that they are similar to those of the Navy and the
Air Force.

2. REQUIREMENT FOR AUTOM1ATION

The ever-increasing work loads placed on the Tech Control facilities of the DCS,
dux-:o g-rth and the increasing use of high speed digital transmission, have high-
lighted deficiencies in the present system. The Wture trend toward more and higher
speed digital transmissions, with the attendant stringent performance requirements,

and the problem of obtaining and retaining the required quantities of skilled personnel
are causing this s'taation to worsen. In order to cope with the present-day situation
and accommodate the growth ra2te of the system, action must be taken now In order to
present the technical control facilities from becoming the bottleneck of the system.
"The present-day Tech Controllar is burdened with the task of attempting to perform
hs duties with the tools and facilities of his trade, which have not kept pace with the
technical advancenments made In the systems which he attempts to control. These

* facilities and his tools have changed very little from those used in World War H,
and are simply not adequate to cope with the present sitcation. An attempt to solve

I the problem has been made by adding more and more manpower; however, this solution
is not cos--•-f • as nor Sl:-- ' IL---I, - I
chronic skilled manpower shortages, the facilities could not be staffed to authorized

• levels.

iill of the functions of Technical Control delineated in paragraph 1.3 are candi-
"dates for automation. The following paragraphs describe ways in which automation
m ay be applied to the performance of these functions Ln order to obtain a significantly
more effective facility capable of implementation within present state-of-the-art

: tec~Mology.

2, 1 Fault Detection and isolation

The primakry mio,-sion of the DCS Technical Control facility is to assure
S ¢•c-thinurn cen ucat nser-i+ces for users. Provision of optimum service

19 iI



whic-h: F : omoe of subftmtioms as fo~hri'a:

Eqaipm•-i-

•Cir-Mlt

sytmstatus

The first t sufunctions can be accomplished by direct monitoring of acce-ssible
communkcaton resources, and the fou_,th, system stabws, may be derived by analysts
of the first three. In present TCF's, the status mcnitorl.'g function is lmited
-y the capability and capacity of the manual operators; they frequently must rely

upon notification from u3ers of unsatisfactory service. Therefore, automation of
monitoring for performanc,e assessment and failure prediction is cosisdered of
primary importance in the ATEC facility.

To accomplish equipment, lihk and circuit monitoring involves (a) the
selection of parameters capable of effectively evaluating performance, (b) measure-
ment of these par-ameters without interruption to, or degradation of, normal ser-
vice, (c) orderly collection of the results of these measu aents, (d) association,
analvsJs and evaluation, (e) presentation off resu-t,, nt -cqui•aft--0io• f aditio:_l

relevant data, if required, (g) decisions, and (h) initiation of action.

The objective of ATEC Is to automate the actions listed In (a) through (e),
and provide tools to assist the operator in (f) through Zh). The remainder of this
discussion is devoted to the considerations and analyses related to the effective
accomplishment of this automation.

2. 1. 1 General Considerations

The ATEC system must provide a maximum return for every dollar In-
vested, and, since a minimum deployment of ATEC facilities within the DCS can
provide a highly s'.gnificant performance improvement, the presumption of an
Initial minimum deployment of ATEC facilities within the DCS is reasonable.
Sufficient Rnd strategic circuit status monitoring can provide information relative
to all circuits (drop and through circuits) at an ATEC facility. In addition,
information relative to the performance of other TCF's is also obtaired.

20
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The equaipment p ararmeters selected for measureme nt must ccoribate
significantly to the detection of equipment faults and to the bsiegnfinent of the
comunications perfcrnj anct w f the station.. Tose eqsgipmoents d 'a.1 uipport
large numbers of communications Pm pimartnart s t e r stei, rutg

ind th ipenAE fclty lev tels. a oioigo hs eupet ilpoiea
eff2 etiecifomtion sofuPrame wther iusppiainofrsucs.-1

equipments include widenf id cummunications equipments si.ch as multiplex,
line-of--sight radio terminals, tropo radio terminals and sateiiit~e earth station

T made The parameters which have been selected for meat,3re, ent are thosewhich will provide optimum performance Information.

The combination of circuit monitoring -and 1,imited but sigalfipant equipment
monitoring in conjunction with correlative procesbing of the data obtained provides
the optimum approach to vw,.lt detection and isolattan at Vie system, link-, circuit
and equipment levels.

2. 1.2 Selection of Parameters

The (nifial identification and selection of parameters to be monitored were
made by the individual study task groups. These parameters, as well as the
accompanying rationale and justification for their selection, are contaLned in the
following sections of this report: Section VII, Link Status and Monitoring;
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basis for uma1~~s tecni-"' 2nd cret =e 4 t-i'- t ti
Odtie A•-ZC syte.

Tr' ritl pr reczms-ta for b the AT-C
faciity ae listed in TabLe HL

The circuit statas mtorimg parameters are basicaIly u -nr ged
those of Table H1. except for digal circ•its. .•-tran-sitim detect~ci wns a?--
to both the low and WO speed digital circuit parametes to permit detecti of
serviee aDom!s. Syunchroizatlio and ct-oaf-serv-le dist ,i were also
added to the high speed digital crcutt parameters to permit fault detectica and
fault isolaifon.

The following changes were made to the parameters listed In Table 11
in order to optimize the equipment monitoriný requirements.

a. All of the primary in-service parameters for monitoring of the HF
transmitter and receiver were retained. The secondary parameters
identified as VF channel input and outp-t levels are also. required for
fault detection and fault Isolation of HP? equipment/circuit problems.
The VF channel input to the transmitter prvi-des the last point for
observing signal level characteristics prior to transmission,

At the HF receiver, VF channel level provides the first monitor
point for detecting received signal. The HF transmitter and re-
ceiver performance assessors are not required for the operation
of the ATEC system. They would provide expedient assistance for
the maintenance and diagnosis of the HF equipment, and are included
for consideration as maintenance equipments. The ATEC system
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opera*!znal and f'Nmtional requirements do not justify the need for.
these off-lii~e assessors in view of the present trends toward in-
creased wideband communications requirements and decreased HF
requirements. The performance assessors have application in
special situations, such as air,*round, ship/shore and associated
maintenance needs.

b. The primary parameters (Table HI) identified for monitoring of the
LOS-TROPO radio terminal equipment are all required for the oper-
ation of the ATEC system. Two secondary parameters, baseband
signal level (transmit) and combiner performance, are required for
effective performance assessment and fault detection, The transmft
baseband signal level measurement provides for detection of excessive
signal levels, which cause overmodulatlon and distortion of the trans-
mitter. The combiner performance measurement detects the loss of
a path in a diversity link. It also pro~vides the means, in conjunction
with the receive signal level (AGC) mt'uiiE'-nant, fer ~detcting Im-
proper combiner op',-ratlon.

c. The satellite earth terminal parameters listed In Table 11 do not
appear in Table MI. The parameters Idejtifled (Table Irl for measure-
ment at the satellite earth terminal are commensurate with the para-
meters Identified for measuxiement of other equ-ipment/link status and
performance. The present Defense Satellite Communication System
(DSCS) planning for the satellite earth terminal includes the require-
ment to monitor most, if not all, oi the parameters which havo been
identified. it is also intended that the information be processed at
the earth terminal for efficient and effective control of the satellite
communications transmission equipment. Information collected at
the earth terminal, which is pertinent to the functional operation and
control of an ATEC facility, shouild be passed to that facility. The
type of information required would be the real-time -status of the
lik used to support the ATEC facility transmission ni~eds. Short
and lozg-L-rm trends Fznd. terfarmance analysis should already be
planned as part of the ea.-Ln terminal proo-essi~ng of the status infor-*
mation. It is reconunerrded that initially the status information be
=-ansferred to an A.i'EC facilty ria manul:2 coordInation, employing
orderw.Ire catpability, requirred between th2e A TzEC fa-cility and :ýe
sa-tellite earth terminal station. When satellite cow rnj~mic*atioa_

teoo>nme moree predo x-a=t, and the operationai comtrol al. the earthI ~ terminal staviocr i =~a re firmly establiished, the tc~irof the--

ert~~.n '~ii~eZ~shcr-L-i be aýto pteI essor-ta--
Iý a ';tz



d. Only two of the four prima , parameters identified in Table U for
monitoring the VF carrier FDM are required for the ATEC system.
These are receive group pilots and major-minor alarm. The re-
ceive group signal level measurement is not required, since all
VF channel breaknuts are to be measured at the user drop, and all
through groups are to be measured on an individual channel basis
at the transmit baseband. Measurement of the system pilot tone
wculd be redundant with the measurement of the radio continuity
t4ne and group pilot tones. The secondary parameter of carrier
oscillator stability should be included in the major-minor alarm.

c. All ol the TDM parameters identified for monitoring are required
for the ATEC system. The parameter entitled "synchronization"
was expanded to two measurable parameters: framing error rate

- and framing synchronization. Only framing error rate need be
measured when they are both available.

f. The data line modem parameters are basically unchanged. The
analog signal l1vel parameter identified in Table HI is to be measured
by circuit status monitoring. Loss of carrier (VF transmit) and i.o
transitions (DC transmit) have been established for measurement
when sensors are available in the eqtipment. These parameters
will detect faults in the modem equipment and assist in fault isola-

t tion. Some modems have bit error rate sensing available from the
encoding/decoding scheme usid in the modulation technique. This
parameter should be used for circuit performance assessment when

it is available.

i g. The avaiable iaor-m-nor alarma of all equipments will. be moni-
tored to provide immediate detection of equipment faulta and rapid
isolation of problems.

h. LAnk monitoring is derived from information obtained from certain
sensors, which, in most cases, are also used for the equipment
parameters being monitored. Link status includes performance
assessment of th- equipments supporting the links; path information I
is obtained from collating and analyzing measurements oi certain
equipmenst pa•ameters. The link status and monitorig requirements
were, h9'ever, .-.-'sImted sepsrately irom equipment status and
!m2anitoring (see Section VuT). iDuring the later collaboratian effort
of the st*dy task groau., it was deiermined t3-at all of the li•k sttat
__cfomation oexuld~ be obmhaeei ffoz the idenlifted e14?.tpment jrm
eters. z r- -hýf. he _ _



other parameter measurements and correlation techniques were
not cost-effective to implement, since link or path faults account
for less than 1 percent of the total outage time due to all faults.

2.1.4 Parameter Measurement and Information Collection

Techniques for measurement of the various parameters (in Table
were investigated in detail by the appropriate Individual study task groups.
These efforts and results are documented in detail in Sections VIII and IX.
The methods developed therein rely primarily on sampling and scanning tech-
niques. That is, either: (a) a sensor is dedicated to the measurement of a
specific parameter at a particular point, and the outputs of many such si.milar
sensors are scanned and :'elayed to the processcr, or (b) a large number of
similar points requiring monitoring are scanned, and the output of the scanner
is provided to a single sensor; its output, in turn, is relayed to the processor.
The primary reason for employing scamiing, or sampling, as opposed to con-
tinuous full-time monitoring of all points is the high cost which would result
from the large number of monitoring devices required.

A scan interval of two mimntes Is considered optimum, and was based
upon a number of considerations:

a. Detect degradation of service or change in state prior to user
complaint.

b. Detect degradations or failures and permit correction prior to
need for reporting ýcorrect~on within 10 minutes of time that outage
began).

c. Esta '"sb trends by analyzing parameter measurements as a func-
tion of time.

cd. Employ existing state-of-the-art hardware for scanning and monitor-
ing.

Relative to the first two items above, a time interval of less than 5
minutes is desirable. Such a time interval would also satisýy the third consider-
ation. With respec: to available hardware and techniques, it. was determined
that for one of the largest sites (e.g., Fuchu), all of the reqL, red parameters
cann be monitored in a time period on the order of one minute. The capability
for accomplishing this ta3k in a one.-m.nate period takes "to a-tcoun the scanner
oper:eing times, the sensor dwell time and the A/D conversion times. Wahile a
ce-iL-inte timrne ,erval '&B cc.:.•idered feasbie, it _s desirabie to incor-rrate



some design safety factor, as well as to provide for expansion (adding more
sensors). Hence, a two-minute interval (for scanning all sensors at a largest
site) is realistic. Relating this two-minute interval, then, to Items a, b and
c above indicates that it is also adequate for those requirements. That is, with
a total scan cycle of two minutes, the average time to detect a service degradation
or change of state will be one minute. Hence, it is unlikely that a user com-
plaint will be received prior to fault detection. Also, adequate time will be avail-
able to correct the problem before reporting is required (based on reporting after
ten minutes of outage) and adequate measurements are obtained (at two-minute
intervals) for trend analysis. Finally, to acccmplish scanning at a rate exceeding
the once-per-two-minutes would require additional hardware complexity and

quantity, and would provide no real gain in monitoring performance.

Where the processor is located in the general vicinity (within hardwire
transmission distance) of the sensors and scanners, the collected measurements
can be connected directly to the processor. However, when the sensors and
scanners are located remotely, transmission techniques must be employed.
This facet of data collection is covered Pn Section XHI, Telemetry Analysis.

The remote sites recommended for the monitoring of status Information
9 re the repeaters and HF transmitter and receiver sites connected to, and under
the operational control of, the ATEC facility. The equipment will be monitored
at these sites, and the parameter measurements sent to the ATEC facility for
threshold detection and analysis of the data. All fault conditions, detep,-ed at
the ATEC facility for equipment at a manied remote site, will be transmitted
back to the remote site for printout on a teletypewriter. Threshold detectior
must be performed in the processor because the parameter measurements do
not result in go - no go indications. The measurements are actual variations
of the parameter values over the range of normal, degraded and failed operation
of the equipment.

2.1.4.1 Equipment/'Link Mei-asuremen~ts

tn.e majority of the equipment/link paranmeters selected require the
design of sensors to detect the parameter variations. Design requirements are
investigated in detail in Section VIii. The sensor types required are identified -
by the signals they will monitor, i.e., DC, AF (audio frequency), RF and MW

(microwave). The sensors identified as existing (in Table MI w'ill usually be
available in some form in the equipment, but in :zome case-s will require inter-
facing equipirent. In certain cases sensing s act feas"ILe. For example, some
of the paramet.,rs identified as caxx~idates for data mc.den.s are in this category.
In ti .ase, t Fe VP signal level (loss of carrier) and no t:ansit-ion measurements

ac: •mnoltish&d by the circuit ,noiltoring equipment wil' su=ice.] ," $
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Equipment/link parameters will require that some sensors be dedicated
to each point being monitored, because low level and high ft .quency signals can-
not be cabled over any significant distance or scanned without introducing signifi-
cant attenuation or distortion.

Within the ATEC facility, all of the equipment/link parameters whil be
scanned und the status information passed to a processor for threshold detection. -

The alarm information (threshold crossings) are then analyzed and presented to
an operator., The scanning equipment must be under direct control of the pro-
cessor in order to permit complete control (i.e., stop, start, homing and rep,,t&.

Equipment/link monitoring will also be performed at remote sites,
which are under the operational control of the ATEC facility. The status informa-
tion obtained at th6 remote location will be returned by telemetry, via the speech
plus service channel, to the ATEC facility for processing. All alarm conditions
will then be returned to manned remote sites by the return transmission path,
and printed out on a teletypewriter. The remote scanning will also be under the
control of the ATEC facility processor. The circuit used to return status infor-
mation to the remote site will also be used for the control of the scanner. The
circuit required for exchange of information between the remote site and the pro-
cessor at the ATEC facility will normally be a full-duplex, 75 baud teletypewriter
channel.

2.1.4.2 Circuit Measurements

The in-service circuit monitoring parameters consist of two types:
(a) those that involve monitoring of the actual signals on the circuit and (b) those
that involve monitoring performance alarms which are included in equipments
such as modems, TDM and ED&C equipment. The former type includes signal
level, noise level and total distortion measurement. The latter type includes
no transitions bit error rate or synchronization. Both types of parameters will
be msasiired ai a scan basis. Where equipment sensors are not available for
detection of no tran,;itions, the equipments employed for monitoring, of the actual
signal on the circuit will detect this condition.

VF transmit channel measurements will be accomplisbed at the multi-
plex baseband output on a continuous scan basis. These measurements will
assess the qualit. of the signals leaving the ATIEC fecility. Adverse signal
characteristics detected will be further isolated to the ATEC facility equipmant,
or to thee signal enter~ing the facility, automatically by other circuit monitoring
locations uwxmr processor control. For example, if the circuit is from a local
user, the send lie from the user will be automatically sel•,-ted at both the
primary and circuit patch facilities simult.anec-.sly by a mo,.itor/test bus, a J
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a measurement made through a scanner. If the signal Dharacteristics are de-I graded at the primary patch, an operator will be advised. The user may then be
nctified of the condition. If the user signal is accertable at this point, a problem
exists in the line conditioning equipment or VF channel multiplex within the ATEC
facility, and an appropriate indication will ae provided to the operator. The
measurement. made at the circuit patch wili wrther isolate the problem to either
the line conditioning equ!pment or the VF chamtel multiplex equipment. Through
circuits, demultiplexed to the VF channel level, will also be checked as just de-
soribed. However, it the through circuit is demultiplexed only to the group or
supergroup level, the VF channel will be measured (under processor command)
at the receive maltiplex baseband (the point where the signal eaters the facility).
In this case, then, by employing continucus scan monitoring at the transmit base-
band, and making measurement un command at the receive baseband, a detected
fault can be isolated to either in-s~ation or out-of-station.

Similarly, continuous scan monitoring will be accomplished at the VF
channel and DC circuit break-outs, or drops, to the users (outgoing channels

relative to the ATEC facility). Detection of degradation at these points will re-
sult in automatic selection, by the processor, of the corresponding VF channel
at the multiplex baseband. The result of the measurement at this point will iso-

late the fault as being either within the ATEC facility (between user drop and
multiplex baseband) or external to the ATEC facility. When MFCT equipment
exists at the ATEC facility, the send composite VF signals will be continually

scanned, converted back to DC signals, and each digital transmit signal scanned
and monitored for total peak distortion; thus any fa.alts within the -VTCT equipment
will be detected. Also, the processor will automatically select the receive com-

posite VF signals for fault isolation wher3 a fault has already been detected on the
DC circuit of the user drop (user receive line). If the ATEC facility VTCr' moni-
toring equipment is compatible with the user NrFCT equipment, the user send
lines containing VF CT composite signals can also be monitored.

Circuit status information is available at automatic message switching
and circuit switching facilities, such as those within the AUTODIN and AUTOVON.
The AUTODIN facility obtains status information via program error detection
capabilities within the ;message switching processor. This status information
relative to the AUTODIN high speed data circuits is signiffiant. The information
available is applicable to both user circ, ts and trunks between A utomatic Digital
.Me:sage Switching Centers (ADMSC'2) serviced by the ATEC facility. Where the

AUODIN AD.NLC is not connected to t:. ATEC facility, but high speod data
users of AUTODRU are comnnected, information can be obtained dL-ectiy f'om
thze . ser for the circuits serviced by the ATEC facility.

F I
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The AUTOVON facilities have an inter-switch routiner which auto-
matically tests the trunks between AUTOVON facilities. At an ATEC facilitySwhere the AUTOVVON is a connected user, information regarding the trunk status
will assist ATE. in maintaining performance status and in responding to problems
detected by these AUTOVON htts.

Both the AUTODUrI A AUTOVON switch information will be of value
to an ATEC facility. Initially, only manual-'-ansfer of this lnformaticn will be
3ustified, to obtain a measure of its true value lo the ATEC operation and to
determine the reaction requirements at the ATEC facility, Ultimately, it Is
anticipated that tids information in real-time will prove valuable to the ATEC
facility, and that the required programming and interfaexbmodificatlons of the
AUTODIN and AUTOVON facilities will be justified.

2. 1. 5 Information Processing

All of the status (parameter measurementi information obtained from
equipment sensors and circuit measurements must be analyzed to determine

whether the parameter reading is Indicated as a normal or a degraded condition.
This covud be accomplished by operators, but when hundreds or even thousands
of measurements are being made every few minutes, it becomes an impra.cticable
task for humans. The Information must be analyzed for detectirg predetermined
thresbold c,ýosslngs, making trend predictions and isolating faults by corTelation
with other information assor-iated with the same equipment and circuits. In
addition to the information analysis, records must be maintained on all failures
and corrective actions performed at the TCF. This analysis and processing of
the parameter measurements is accomplished by a software programmable pro-
cessor. The functicns to be accomplished and the means of accomplishing them
are contained in the immediately following text and in Section IV, X and XV.

2.1.5.' Threshold Detection

Three conditions have been defined to depict the operational status of
the equipment/links and circuits. These status conditions are referred to by
color, for distinction. Groen represents 'dhe normal condition where the param-
eter being masured is within the operational and/or design standard value for
the equipment or circuit. Amber represents a&' abnormal condition where the
pirameter being measured is iegraded and below the operational and/or design
stan.xird value. When the Amber condition exists, user service may not be
ini'aire-, but a continuation of degrrdation wil: eventually affect user seririce.
Red repre.•nts an i.-operative condition where che pa•r-metele bing measured
xvlicates a failure of the equ'ipment a)d/or circuit. :n thLs case usser service



has been interrupted or service has degraded to an unusable state.

Green will be undeistood in the absence of Amber and Red, and the
Green condition will not be displayed. If an operator wants an actual parameter
measurement value, it can oe obtained by request atvd identification of the sensor
for which the reading is required. Actual parameter measurements will be
obtainable from any sensor monitoring other than a binary condition. Normally,
the operator will take action as a result of an alarm indication, and only in
special cases will he require the actual parameter measurement. Actual measure-
ment values will most often provide assistance to maintenance personne,, and will
be available to them as required.

An Amber and a Red threshold value are required for each parameter
to be measured. These thresh(,ld values will be maintained in processor memory,
since each measurement is compared with an established threshold crossing value.
When a parameter measuremen.t ihdicates that a threshold has been crossed, that
measurement is stored for further use. The threshold values, stored in the pro-
cessor, can be changed as reqcuired by authorized personnel. Such parameter
changes will automatically be recorded on the Master Station Log.

2.1.5.2 Trend Analysis

Trend analysis will be performed for all measurements of a specific
parameter once its value has crossed the Amber threshold. The trend is a basis
for a prediction of when the Red threshold will be crossed. Trend predictions
will be used to establish maintenance priorities, as well as to provide informa-
tion required for a planned maintenance period. The information developed
through trend analysis should be used to adjust the maintenance cycles to actual
"requirements.

I

As indicated, trend predictions will be performed by the processor
analyzing the variations of the parameter level in the Amber range. A minimum
of two threshold c.ossings are required to make the trend prediction. As long
as each consecutive intermediate threshold crossing is approaching the Red
threshold, the last tvo intermediate thresholds can be used to predict the time
of failure. !f the trend turns and the parameter value starts to return toward
the initial .Amber threshold value, a failure prediction cannot be made by using
the last two thresho]ds. in the latter case the Amber threshold may be used as
a reference point, so preaictions can be made when the trend is an improvement.
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2.1.5.3 Status Correlation and Analysis

Status correlation and analysis is the processor function which associ-
ates interacting sensor data to logically assess circuit, equipment and link
problems in terms most useful and sigiflcant to the Gperators. In its simplest
form, it is effected, as described earlier, in circuit fault location through cor-
relation of measurements taken at various equipment appearances throughout
the station, to determine whether a fault is located in the station,: and if so in
what equipment area. Fumdamentally, a number of requirements have emanated
from the combined equipr.ent, link, circuit and system performance studies.
A few of the more important requirements justifying the need for correlation
and analysis of status information are:

* Reduction of operator confusion and fatigue

* immediate availability of information delineating the extent of the
outage; e.g., quantity, types of circuits affected by the failure, etc.

, Restoration priorities

* Retrieval capability of circuit and equipment information for subse-
quent restorai action

Examples of status correlation and analysis include recognition of the
effect of group failures in terms of circuit alarms (downward correlation) and
recognition of groups of circuit alarms (upward correlation) in terms of group
equipment or link failures. In the more complicated problems, the importance
oi processor correlation is exemplified by the fact that the operators must, in
each case, be provided alarm information at the cause rathcr than the symptom
level.

While the larger scale correlative actions may be progranmned in a
modular fashion, the specifics for a given simt.on will, to a large extent, be
dependent upon the equipment configuration of a given station and the failure and
degradation modes of that configuration.

Examples of correlative processing modules are those necessary to: 4

a. Evaluate circuit and channel I 'lures in the event of LOS, tropo
or HF link propagation probl nms.

b. Evaluate circuit and channel failures •r. 'he event of LOS or tropo
link equipment problems.

i4 0
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c. Evaluate circuit and channel failures in the event of supergroup or
group multiplex equipment problems.

d. Evaluate groups of chppnel or circuit problems in terms of group
equipments which could be causative.

It should be noted that a, b and c produce somewhat similar symptoms
of circuit and channel problems. One of the functions of the correlative processing
will be not only to suppress the resultant circuit alarms, but to provide the operator
with the correct cause of the overall problem.

the From the foregoing, it can be seen that the processor must provide, to

the operator, indications of problems in a known hierarchy. Circuit and channel
problems constitute the basic level of precedence. The next higher level will be
that of link problems. An indication of a link problem will be presented to the

ATEC operator, by the processor, and will be followed by the circuits that will
be, or are being, affected by the link problem. The highest level of indication
will be that oi equipment problems. Equipment problems may or may not
affect Uink performance, depending upon just what equipment has failed orI degraded in performance, but in most cases it will affect circuits. Therefore,

the hierarchical precedence will have equipment failures or degraded performance
indicated, by the processor, when they occur followed by link affected (if any)
and circuits affected. An indication of link failure or performance degradation
(without an equipment indication), such as noted above for link propagation
problems, will be presented to the operator, by the proc,-3scr, followed by the
associated circuits that may be, or will be, affected. -J ic operator can then
concentrate on link restoratiQn and any necessary rerouting that may be required,

without concern for equipment, substitution. The Amber or Red indication ofc~rc"-It erf~rnmn e~ i w! eupressed when there is an ass .1iated indicatle:n
of equipment and/or link failure or degraded perforniance. The association

between circuits, links and equipment must therefore be known, a' all times,
to the processor in order to present the point of the problem rather than the I
symptm.

i ' i
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2.2 Rectoral and Rerouting

2.2.1- General

The restoration and rereuting functions are a naural contiust•m of dhe
monitoring and testing functionE des,:rlbed earlier. That is, the actions of restm-rng
and rerouting generally result !±orom detection of a cdegradati or failure by the
monitoring and testing functions.

Accomplishment of restoral and rerouting is the result of the 'erfortce
of numerous individual decisions and actions in an orderly sequence. Altoagb this
sequence may vary, depending upon the actual circumstances, it genE rally kilodes
S.he majority of the following items performed In approximately the orier iicaled

a. Recognition of degradation or failure and of need or desire to rete

b. Validation of degradation or failuie

c. Coordination relative to degradation or failure

d. Determination of capability for restora! or reroute

a. Accomplishment of restoral or reroute

f. Diagnosis of fault (k.:•aIfzation and isolation)

g. Repair of failed or degraded "wuit"--

h. Vertfic:ztion of acceptability of -repaired unii

i. Return to original configuration if rcqifred

Rerouting may also be accomplished for other purposes, s as (a; -a itg
a ch xnnel from service to permit out-of-service testing, (b) obtaiking imprcqed
performance or another categor, of service or a temipo-ry basis, azd () es• -
on-call or temporary circuits.

The ATEC system will provide an improved capabt•lit for the zneszz•-ar!
degraded or failed service. Where the deFgadation is in-station and is cahy e
drift in some characteristfc of an equipment, such as the gain of an amp!z;,fie.
will be possible, becaufe of the trend analy-is capabAlaty. to idenr•f• and to zk a
readjustment on an in-service ba~s wtnhout interrnm.- :raffic. a e - -
be interrupted for resto-ration, ATEC will roske recom r -ewdaiss re.gare-' u_
tise of spares or .ireemption of equipment normally prcj-•Iding a ".mr _rizr : ýZ-y--e o

Changes i' interconnectons wE, be failitated by :he us-e cf •a . :. --
failties within the ATEC facility. Four v.Tmes of .ch' --rz be -"-:'-• -
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SCircuit (i.e., equal level)

0 Primary

After completion of restoral or rerouting, monitoring and testing will again
be resumed in order to verify the restoral or reroute.

The general location of the fault, i.e., within the confines of the ATEC
facilityt s jurisdiction or external to it, may be obvious or it may be obscure. It is
the intent of the ATEC faciiity design to minimize this ob3curity. Upon localization
of the fault, restoral action must be initiated. However, such action can be under-
taken by the ATEC facility operator only for cases where the fault is not of an
extei.nal nature; otherwise, it is enly logged and turned over to the appropriate
facility.

Restoral action will generally consist on one of the following:

a. Substitute spare I
b. Reroute

c. Preempt

d. Change RF freJuency

e, Align or adjust

k. Condition or recondition

g. Repair

Only e. (Align or adjust) can be accomplished without service interruption.
In gen-ral, the first four types of restoral action will normally be accomplished in
accordance with certain pre--plans or SOP's. That is, certain spare channels and
certain spare equipments are f(rmatly designated as spares for certain other
operational channels and ecuipmnmtE (on a priority basis). Likewise, certain
designated reroutes and prE~err, ts will, be permissible, and certain designated HF
frequencies will be available a, alteinates on a scheduled basis. All of the informa-
tion regarding these specifics !i ;ut be available in stored form for presentation
(display) to the operator.

The approach, then, to accommodating the restoral and reroute functions
within the ATEC facility is to provide status monitoring positions equipped with the
"tools" required to facilitate these functions. A CRT displhy will provide access to
preplanned restoral information and to information indicating usage or availability,
as well as status of restoral facilities. In fact, even step-by-step procedures can be
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displayed. As a separate entity, the required patehing (marual) or switching (auto-
mated) must be provided, and must be controllable by console operators.

2.2.1.1 Automated Patching

Restoral actions which involve substituion of spare equipments or
rerouting via spare channels or via preempting in-use channels of lower priority
require the employment of patching and/or switching. Also, establishing on-call
patches or emergency circuits, as well as rerouting for purposes other than restoral,
require patching and/or switching. Referring to Figure 2, sheet 1, of Section IV,
patching is generally provided at the points indicated. A primary consideration of
ATEC was to automate this patching function or to implement semiautomatic
(manually controlled) cordless patching. The advantages to be gained by such an
approach include speed (reduction in patching time), accuracy (reduction in human
error), improved performance (use of sealed switch contacta vs. exposed patch jack
contacts, subject to contamination), and more efficient operation (fewer personnel
required and more centralized operation). Still another advantage is the capability
for automated record keeping of patching status. This advantage is inherent in a
processor-controlled switching system.

2.2.1.2 Manual Patching

The auto ..nated patching conceuts con.Aidered above were found to be quite
costly (equipment and space). An effective approach to automated patching must
employ only a limited amount of switching, and must include manual patching to
obtain the required flexibility and provide for total capacity. In addition, manual
patching inust be provided to afford emergency manual back-up in the event of
failure of th. automated switching.

The major shortcoming of the conventional manual patch panel has been
its contribution to the degradation of circuit quality. That is, the many contacts
(normal-through connections) that are present in a long-haul circuit become dirty,
corroded or contaminated, and offer a large number of contact resistances, each
serving as a separate noise generator. All of these noise generators, effectively
comnected in series, can contribute significantly to the total noise on a circuit. The
solution to this problem is to provide patch panels with normal- through contacts
sealed in a controlled atmosphere, i.e., sealed reed relay units. To satisfy this
requirement, it is recommended that all existing patch panels be replaced with new
patch panels that do not have any exposed or unprotected contacts withio the com-
munications signal path.

It is also recommended that these patch panels be designed so that auto-
mated pa:ching can be added at any future data (see paragraph 3. 2 of Section IV for
additional detailes). This design should permit the connection of switching to the
jack sets on an individual circuit basis (allowing selection of specific circuits to be
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provided with switching), and should not interrupt or otherwise affect the circuits
so connected. In line with this approach, it is recommended that an indicator la up
be associated with ench jack set to provide an indication when that particular appear-
ance is switched/patched. Such indicators are required for two reasons.: first, they
provide an indication to any operator that the appearance in question is in fact
switched, thereby precluding attempted manual patching of that appearance; second,
they provide a quick visual indication of the abnormal circuits, or switching,
currently in effect. The latter use provides a "picture" of patching status.

Also in concert with the above approach is a requirement for patch cord
scanning. That is, where a patcer has been manually accomplished (via patch cord),
it is necessary that the ATEC processor be made aware that such a patch a Atually
exists. This information (identicy of required patch) will be keyed into the processor
by the operator accomplishing restoration via switching/patching. The processor
must then scan the jack set to ensure that no patch already exi, ts at tha2 appearance,
and must eventually verify (via repeated scanning) that the manual patch was installed,
and that it was installed a3 directed. Hence, manual patching operator errors will
be detected. A similar function must be provided for patches that were accomplished
via switching action under processor control. However, here the instruction will
be keyed into the processor and, upon switchingverification, will be recorded until
the patch is removed by another switching action. It should be noted that a specific
requirement of the switching subsystem is a verifification signal from the switch that
thO addressed connection has actually been accomplished. The combination of
processor record keeping and patch cord scanning will provide the above required
capabilit:es; it will also provide the capability of readbixg out the real-time patching
status to both the CRT display and the page printer, upon operator request.

2.3 Quality Control

Another function in the ATEC system will be quality control. This function
will perform frequent quality checks on spare channels, circuits, links and equipment
to confirm their availability for substitute use. It will also, on a regularly scheduled
basis, perform detailed out-of-service tests on each active channel;. v-:ci zit, link
and equipment. The function will also perform acceptance testing of new and
repaired equipment, and also of circuits ready for activation, prior to their incor-

poration into the active communication system.

The quality control function involves the performance of tests in an orderly
manner and in accordance with some schedule or some more immediate need, e.g.,
in support of status monitoring relative to isolation of a particular fault. With the
aid of test procedures and test equipments, the quality control function musL perform
the following set of actions: (a) access of the circuit or equipment to be tested and
connection of the test equipment as required, (b) performance of measurements in
accordance with the test procedure, (c) order'ly collection of results of these
measurements, (d) association, analysis and evaluation of these results, (e)

45 KiL- --



presentation of resuilts, (f) acquisition of additional relevpnt data, it requi.-ed, (g)
decisions based upon these results and data, and (hi) initiation of action as a result
of these decisiona. Etems (c) through (h) are found to be identical with items 1c)
through (h) for Fault Detection and Isolation (subparagraph 2. 1), Hence, tbese two
areas (fault 'detection and quality control) are similar with respect to the ac~ion
required and capability provided.
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2.4 Record Keepin& Beoorting

The ATEC will provide autorn~tion for record keeping and reporting. Each
significant event in an ATEC facility w I1 1 .a recorded In an activities lol as a
chro.iological printout, and will be entered into a magnetic tape unit to form a
h!at(,"cal record which can be used for subsE ;uent analysis. Information relating
to an event may enter the datL processor as a vsult of routine monitoring of circuits,

equipments and links through automated fault is'il,<; -n, or by manual entr:y by an
ATEC facility centrolter. The historical data (.:an ,. extracted by the controller
for on-site analysis of recent (such as same day) problems and trends; mainly,

however, the magnetic tape reels vill be forwarded to a central location for detailed
analysis by an off-line data processor.

The ATEC facility processor will use the status data which is constantly being
entered into it to compose automatically as much as possible of the formatted portions
of reports to O&M agency and DCA Operations Control Complix (DOCC) elements
immediately superior to the ATEC facility. Just prior Lo the scheduled transmission
time for either type of report, the processor will present the report on a CRT for
review, editing, revision and entry of data which is not available in the processing
subsystem. Upon release by the operator, the raport will be automatically trans-
mitted from the ATEC facility. These reports wvll contain information on any
other sites for which the ATEC facility has reporting responsibility, derived from
inputs supplied by these other sites.

The ATEC facility processor will maintain, in its dynamic data base, informa-
tion of the type which is normally recorded manually into various records and
forms by Technical Controllc r's. The forms of particular interest, as listed in
Volume 2, Chapter II, of DCAC 310-70-1 are:

* Trouble and Restoration Record (DD Form 1443)

* Analysis of Channel Operatiop Form (DD Form 1440)

* Wideband Outage Record (DD l"orm 1698)

a Technical Control Communica .ions Work Order (DD Form 1445)

* Record of Frequency Changet, (DD Form 1444)

* Conference Record (D,: Form 1442)

* Trunk Channelization flecord (•Y. i, m 1699)

* Master Clock Log (DD Form 1700)
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By extracting pertinent 'nformation from IVhe data base, the processor can
produce a printout oft the equivalent (if not an ex2ct duplicate) of -,r..y of these forms,
either on schedule or on operator request.

Record keeping is a basic function required to be performed in ,-ny separate
operational entity where personnel, equipments or services are involved. Records
of activities, indications of personnel and equipment performance, and the services
provided Pre required by supervisors as well as higher-level management. These
reccros consist chiefly of the basic information used in the performance of functions
and tasks necessary to the mission; they are not items of Information that must be
purposefully obtAned by personnei for reports only. The generation of formal
reports is merely the compilation of static data base and dynamic status information
which has been previously store,& in the processing subsystem, and an automatic
request and acceptance of information 'tom a Central Control position for lteirif
not available in storage.

2.4.1 Record IKeeplng

Record keeping in a Technical Control facility of the DCS is a basic function
which Is considered mandatory. The record information concers: (a) dynamic
communication configurations, (b) cui rent status of equipments and communications
service, (c) communicawilon performance ac related to immediata trends,. (d) possible
actions to include pieplinned reroutes, and (e) related corrective action and support
information. This inasf.c informotion is necessary to the Technical Control operator
in order to make the appropriate decisions. In the ATEC facitity, it is the intent
to automate record keeping furctions. It m'ist bi realized that the recc:d keeping
functicn for an ATEC facility cannot be completely automated so long ao humans

are Involved in the monitoring evaluations and in the actions to be taken. Technical
Control ope itors will be required to provide supplemental information and changes,
and in dome cases originate complete records.

The record keeping function of an ATEC facility concerns the following major
categories of "nformat.on, with possible breakdowns for processing purposes as
indicated:

Static Data Base

Confijluration listings with identifications (DCS Directory and similar

n~on- DCS liH-tngs) for:

- User circuits (segment-by-segment, through facilitites, end-to-end,
send aad receive)

- Preplanned reroutes (segment-by-segment, through facilities, end-
to-end, eend and receive)
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- Through circuits (segment-by-segment, through facilities for: local
station responsibility, region, area or end-to-end, as appropriate) I
Trunks (send and receive)

Channels (send and receive) I
- Links (send and receive)

Supergroups (send and receive)

Groups (send and receive)

Channels (send and receive)

- Stations (connectivity)*

- Equipments (connectivity)*

Detailed technical information on each circuit (equipment type, bandwidth,
conditioning, standard or normal noise and signal levels and phase delay)

Station frequency e-rectory

. Dynamic Data Base

Identifications plus dynamic status postings and other transactions to
include loading, maintenance condition, etc., of:

- Communications (DCS and non-DCS identifications)

User circuits (direct responsibility)

Sensor #1 (parameter identification and value rarges for
Green, Amber, and Red conditions)

Sensor #2, etc.

Through circuits

Sensor #1 (parameter identification and value ranges for Green,
Amber and Red condition;)

• NOTE: Connectivity daf;a will also be dynamic in the sense that it will change on

a temporary basis as a result of pasbhing and switching actions.

49



Sensor #2, etc.

Trunks

Channels

Sensors

Links

Supergroups

Sensors

Groups

Sensors

Channels

Sensors

- Equipments (nomenclature)

Sensor #1 (parameter identification and value ranges for Green,
Amber and Red conditions)

Sensor #2, etc.

- Connectivity

Unplarned rerouted (configuration used) listings

In addition to the static and dynamic data base information involved in record
keeping by the processing subsystem, some printouts will include items of infor-
mation precently maintained manually by Technical Control personnel on designated
hcs and forms. These logs and forms are described in Volume 2, Chapter II, of
DCAC 310-70-1. The presently used manual logs and forms as required by
DCAC 310-70-1 are:

* Master Station Log

* Trouble and Restoration Record (DD Form 1443)
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* Wideband Outage Record (DD Form 1698)

* Technical Control Communications Work Order (DD Form 1445)

* Record V Frequency Changes (DD Form 1444)

* Conference Record (DD Form 1442)

"* Circuit Data (DD Form 1441)

"* Trunk Layout Record (TLR)(DCA Form 155)

"* Circuit Layout Record (CLR)(DCA Form 139)

"" Trunk Channelization Record (DD Form 1699)

"* Master Clock Log (DD Form 1700)

Much of the same information as presently maintained manually on the
above-listed logs and forms will be included in the data base of the processing

su. Commiuni~cation status and -eate i sentlauoIO1aLc Technical Con1L-oL
actions are to be posted (in most cases automatically, and in other cases
serniautomatically) against identifications of communications and equipments
in the data bas•e of the processing subsystem. Therefore, the equivalent
information of the Trouble and Restoration Record (DD Form 1443) will be kept
internal to the processing subsystem for "open" events. As a result, the
Trouble and Restoration Record (DD Form 1443) equivalent can be printed out
automatically when each outage event is "closed", or partial d!splaya/printouts
of this record can be made upon request of the operator prior to "close-out" of
reportable and nonreportable events. These printouts of the Trouble and Restora-
tion Record (DD Form 1443) equivalent ,an be used by Technical Control personnel
to make up a file of events for the station, for each radio day, for manual analysis
purpcses. If the equivalent of the Analysis of Charnel Operation Form (DD Form
1440) is required of the processing subsystem, It must maintain a cumulative
record of all outages, reasons for outages, and related actions taken for a 24
hour period of time.

The Wideband Outage Record (DD Form 1698) may be used in lieu of the
Trouble and Restoration Record at wideband locations. For record keeping
purposes no distinction is made herein.
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Any form equivalents initially produced by the processing subsystem
which -equire operatr inputs are to be d~splayed on the CRT at the appropriate
opera'Ing position. T-he outputs of these forms will be queued In relative priority
with o0-.er information for the operator's attention. The operator at that position
can then enter information into the form and re-enter the complete or partial
information, as appropriate, into the processing subsystem for printout of the
completed form.

Activities lwg,3 w'll have to be mairtained at each Technical Control
operating position. The activities lo; for the Central Control position will be
termed the Master Station Log. It is expected that the Master Station Log will
contain the significant items of information also contained in each of the other
operating positions' logs, as well as other entries made by fhe Central Technical
Controller. Entries into the activities logs, including the Master Statior Log.
will be made by the processing subsystem and by the individual operators. Entries
made manually by operators are to be simultaneously entered into the processingJ
subsystem as well as into the activities logs. In this way the processing subsystem
car, update the Master Station Log.

The Tehmiucal Control Communications Work Order (DD Form 1445)
equivalent is to be initiated by the processing subsystem each time a fault is
automatically isolated to equipments at the central station or remote sites under the
central station's responsibility. The operatcr can initiate the display of this

form's equivalent for conditions known to the operator through testing, or other
means, and not isolated as a result of the automatic monitoring function in the
processing subsystem. After display, he can enter the required information via
his CRT associated keyboard. He can also enter information into the form when it
is initiated by the processing subsystem. This display/printout of the form is for
use in notifying maintenance personnel of failure of substandard operation of
equipment. It also provides a record of equipment status for the Technical
Controller. Completion of the form requires information from maintenance
personnel; such information must be entered into the form manually, and, if it
reflects the status of communications, It must also be entered into the processing
subsystem for posting.

The Record of Frequency Changes (DD Form 1444) can be automaticall.*
produced by the processing subsystem from postiAgs of frequency changes
against trunk/link identifications in the data base. For this purpose, it is
desirable that communication entities which require frequency changes in their
operation be grouped in the data base, or otherwise associated. Entries of status
regarding frequencies in use and frequency changes must be manually made.
Therefore, the diaplay of this form on the CRT at the operating position for a
particular communication entity can be ordered by the operator. He then enters
the appropriate frequency change information, primary and secondary frequencies
in use, etc., into the form for status update and/or for printout of the completed
form.
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The Conference Record (DD Form 1442) is normally used. by Technical
j Control operators to provide a record of all on-call patches, radiotelephone

-•cniferesce and teletypewriter cor fereaces. In the ATEC facility, the operator
can "instruct" me processing subsy-.tez to display this blank form on the position
CRT when he has a need for IL. Upon presentation of the form on the CRT (same
arrangement as DD Form 1442), the operator can eater the appropriate Initial
information and further "instruct" the processing subsystem to store it for later

S- retrieval. This information is used by tl'e processing subsystem for activities
log entries. Upon completion of the on-call patch or conference, the operator
can recall this form partially completed, for total completion and printcut as
required.

The Circuit Data (DD Form 1441), the Trunk Layout Record (DCA Form 155'
aiid the Circuit Layout Record (DCA Form 139) can be stored In slide form,
recalled, and viewed by operators at the static reference fecility associated with
operating positions. This facility is totally controlled by the operator, and has
"no direct connection with the processing subsystem. The static reference
facility produces a projection of information from photographic slides.

The Trunk Channelization Record (DD Form 1699) information will be
stored in the processing subsystem as part of the static data base. This Informa-
tion san be ordered in a presentation on the CRT or In a printout o. operators.
Similar information m ay be included in the stati',- datat ba.e rels"I'Ve tW assigned
frequencies for paths of the trunks and 'Lnks for the station. .oweve,:, such
information for the station nray be considered as classified. Therefere, the
frequencies authorized may ",,ave to be stored £n the processing -ystem and
in coded form. if stored in "hc processing subsystem, such 1, mation can be
recalled by the operator for hi., needs.

A record of clock accuracies can be maintained by the processing subsystem
when automatic controls to such clocks are provided. The Master Clock Log
,.DD Form 1700) is currently used at those TCF's that are responsible for main-
taining the accuracy of the ,..ster or station clocks. The form is normally
maintained manually. Completion of DD Form 1700 includes: (a) date-time
checked, (b) seconds fast-seconds slow, (c) corrected, yes or no, and (d)
operator's initials.

2.4.2 Reporting•

The semnlautbmatic gene,'ation of formal reports as required Wn conjunction
with the Central Control position is a role of the processing subsystem. It is
feasible to satisfy the formal reportingr requirements in future ATEC facilities
v.ithout signifi,bant additional burdens on Lhe processing subsystem. The generation
of formal reports is merely the compilation of static data base and status information I
previously stored, and automatic request and acceptance of information from the
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Central Control rosltion for Items not available in storage. Consideration of the
reporting requirements, however, is required in the design of the processing
programmed software so that it can accommodate and perform the required
reporting in the most effective manner in consideration of the processing functions
as a whole.

A semi-automatic reporting capability is to be provided for reports required
by DCAC 310-55-I and AFCS3 100-17 (O&M organization requirements). This re-
porting capability will permit changes, additions and deletions by the Central
Controller, and approval/release pr • transmission of the report to the local
O&M Management Center (or elsewhere). The initial generation of a report
includes display of the report information on a CRT at the Central Control position
for modification and release as necessary.

As an element of a DCS station, the ATEC facility must be responsive
to the needs of the DOCC. These needs will reach the ATEC facility as Circuit
Engineerlng Orders (CEO's) or as ODM's. Upon c-nmpletion of the required action,
the ATEC facility will notify the DOCC element of such completion or of the
inability to fulfill the requirement. Furthermore, the ATEC facility must submit
near-real-time and periodic status reports concerning transmission links, suter-
groups, groups, channels and circuits. These reports 4)DR's) are prepared in
accordance with DCAC 310-55-1. It is recommended that the ATEC facility report
on all DCS stations within its zone of responsibility.

The ATEC facility bears a similar relationship to its O&M agency in
that it receives instructions and requests for information from the appropriate O&03
element and submits reports to the G&M element. It also requests assistance of
either DOCC or O&M element, as appropriate.IAt present, the reporting requirements of the three military departments
are similar, but not identical. Hence, a diffe~ent report preparation routine w*ll
be needed in each ATEC facility, depending on the O&M agency. It will be advan-
tageous In L-e ATEC system if a single reporting doctrine is used by all three
O&M agencies. Not only can one program routine suffice at all ATEC facilities,
but each ATEC facility can prepare a single, consolidated report for all stations
In its zone and forward this report to all O&M igencies represented In the zone.
This will reduce the reporting load on the manual sites by having the ATEC data
processor handle much oi the effort.

As a further step toward reduction of the report.ing lcad and standardiza-tion
of reporting, it, is recommended that one report serving the needs of the DOCC and
the O&M agencies be prepared and submitted to all eler.erAs. T1has reppo.rt can re--
tain the format speeffiei1 by DCAC 310-55-1 and can satisfy the nee-ds of 3&M
agencies through the use )f narrati7e text permitted by DCAC 3iC-55-1. A slrngle
format should be used to meet everyone's re.uirernents to obtain ever gretwer
standardization.
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Ilow
3. INTERRELATIONSHI1PS OF ATEC

Lc visvsualized that the hr-orporatioxi of the ATEC into the DCS will be limited
by ecca~omi1c Donsiderations to only a portion of the DCS stations. In this case
th2 logical choices fozf implementation are those TCF's which lie at major points
where there are intersections of three or more major linkz In whizin the main line
route of commu~nicationi w~itn the network are carried. By virtue of the abilitY
of the ATEC to lleel! pau-1 iems In i- large portion of the network surroundx it.
signifcant assistarce in fault dett!Z-'-n can be provided to manusl TCF'z ill a large
geograpý-4cai regiv., which ýan mnaterially reduce out-ages and Improve user ser-.ice.
This "visibility region- of ATEC facilities sbould be adjIoiniz so tLhat coord~ination
on fault detection between -A--EC's will have no blind aipot--
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The ATEC facilfty will heve to worik closely with- the PTF's at user
locations for the isrA.-ton of problems on th-e user loop and in the User terminal.

I It will alsso nE-ee the cooperation of the user in end-to-end testirg of the ent~xe
circuit or of tha user loop. In some cases loopback is needed at the usser site,
and in adper eas-fs, at the ATEC facility.

W-ith termina-4v-tpe users and znnmrl swm-.bhMards, 2utomat-ic- transfers of
iniox -L-ion to tL-e ATEEC fecility -r my not be feasible or war~ranted economically.I

In these c~asces maraf communication Is called for and vi-M~ be perfectly adequate-

As am- elerno- af 2 DCS statift, th~e AxEC- faciflity rr±s be responsible to
It!he Diee&dS ofbte WDCC- 7ý-_e MeOC- Will -e~g-b tie ATEC fsclitv as Circuit

Emimrwerý Ord-ers fCOX)'s) or as OD11.a U~pon com~edme of Uhe recpi red actifon.
t!ie A =,-C ftlt wtill mc~A; fbe 1XOCC ece-rn of sucjh conmx'etiom or ovf the inability
to i:f-iff t-he-e ze urber-ore, fn,- A -- C bfaciit. mast snabmi nea-r-real-
-= =di s~cat- -rsows ~e--"t -4ia .nssILo ilnks, Fuoergrcuns,

g~w~, crc~sandcircc~ts. 7bas~e pe~rs~DIRs) are prepared in accordance
* ~ Z!Z DCA 3C0-55-L As sze~derller, it is re~r dtk-t the ATZEC fa-citity

-- epit cc DS ssftvxn wt-Lr ;!S ZCL- Gf E~s
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SECTION IV

ATEC FACILITY DEVELOPMENT AND DESIGN

1. DESCRIPTION OF ATEC FACILITY

"he following paragraphs present an overall description of the recommended ATEC
Licility and of Its associated remote radio terminal situs and repeater sites. This
description shows the relationship existing between the communications system
elements and the ATEC system elements, and between ATEC system elements, at
the DCS station.

1.1 Communications Elements

Sheet 1 of Figure 2 shows the communications elements which are typically
found in an ATEC facility except for the items In heavy outlines, which denote
ATEC elements. Included in the category of communications elements are;

r

a. Tropospheric scatter terminals

b. Microwave line-of-sight terminals

c. Land line cables to HF radio sites and users

d. Frequency division inultiplex (FDM)

Si e-. Tiedik'e ~t.pe (.TD?,A)

f. Line conditioning equipment for V"F channels

g. VFCT's

h. Radio telephone terminals

L. Data modems for digitai signals

While the diagram shows that for TDM the composite digital signal may be trans-

ferred into and out of the AlEC facility via a group modem or a carrier cable, It is i

also possible to use supergroup modems :: to transmit the high data rate over s
separate rmicrowave link, as to- sateli.ite ea.th terminal.

1.2 31Pa tc hing
SThe princal ATEC elements si.own on Sheet i of Figure 2 are the ATEC patch-

ing ekements encl.sed in ýhe heavy outlines. It is recommended that the following new
patch bays be provided:
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a. For VF eircuits, tbe customary thiree piatch bays (VF-, circuit or eaaal level,

x3nA cable) will be replaced by twvornew bays (circuit a-ad primary). 'The new
bays will c-cxai jacks to eqaip 24 full'-duplex circuits in one panel across

the width of a 13-InCh rack, andJ rwill uise sealed reed re-lays in place of
exposed-contact norrnal-tl~rough cocrnections to eliminate contact noise.
Thes,-e bays will also contain sein!2ztomatfVcally cont-rofled test and monitor
tzruA3 to the operating consoles to permit accests to inhiduvi.al circuits or

ci Ifon 2 tarminiztirn or high-impe&-2e brid,-irz basis. One of the
tefat iziscs inn tbhe circuit pxatch will permit the in-sertion af a 1000 liz
st-anhdrd tesst tcx,.e into many circuits 0- channIs sixnui seouslIv. Thits new
f-thigans.-eme= wiil -meaire that a11 line conriitio:cig eopElfs
(snc:- as SF 2-ts mplffienns. equal ire rs, echro suzmnressors, hybrids, and

sig-c zverters-) b-- groaped betweer. the circuit and p.orinrary patcýe.

b. F:!- r cizrcits a e =L-. D atch ba w o1a e ofa e.:ed Tbz f,-- -trurn b2

the iKreaer- risk of derg-- the gzap sig , -.0 test or, rrmoi:i0oig

e 7sc CdShe f~c c :- z bays SeLhfed abo?1'- oD=in -n re~re

C 0 d sC g 1: C-4ce i 'r ;: f- e -. Scr d ;- zs b fo:imsee.eýdi

cardctS ti>- cam in s fa~i rcc

c2:er isa, t!>-- kmd dis ý-Ccecsim Ct t!]e -switch-
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The switching n;atrLx is designed to provide a limited number of simultaneous
connections in order to Winimize size and cost. The limit is on the order of 10 to
15 percent .. the total number of norma! through connections. Once the capacity of
the matrLx is exceeded (which should happen infrequently), overflow can be handled
by m-anual patching. Manual patching also provides backup in the event of matrix
inoperability.

The primary patch is intended to be used fcc substitution of line conditioning
equipment. Since the frequency of failnre of such equipment is quite low, it is
recommended that eqripment substitution be performed by manual patching at the
primary patch. Accord'ngly, no primary switch matrix is furnished for automated
equipment substitution.

1.3 Equipment and Link Sensors

On Sheet 2 o- Figure 2, circled numbers 5 through 16 indicate the connections
of equipment arA iink sensors to correspondingly numbered points on Sheet 1. These
sensors measure e.ter s!,a. characteristics or equipment performance character-
is6ics, an deveiop DC voltage outputs in a standard range. The output of each
sensor is sampled by a sensor scarnr approximately orce in two :ninutes, and is
co-eerzted to g .¢-IIt digital ccde by an analog-to-digital (AID) converter for transfer
to tUe data proces-sor. Four different tyrpes of sensors are used, covering DC, AF,
RF, and LrW rarges of sensed parameters.

Additiom Zl ij.-ts to the proeesso- are derived from equipment and link sensors
=rA 2nd r~m~tcT- rw -3,A frnqfr~ +*-.e. A Intl

via eit.er the telemetry subsystem or the transmission facility interface. Later
disccu-ssioas of Sheet 3 of Figure 2 will provide additional details.

1. D D-C :-ircuit Moni•oring and Fault Isolation

The outgoing sigml to each user DC receive line is sampled about once every
uzo mznates, and is anlyzed for distortion and loss of transitions by an automatic
digital clrcutit -ar?-yzer. 7The result of this analysis is passed on to the data
.•_-•e:ssor.

A seccrcd form of DC circuit performance assessment is performed by a 17FCT
tsca=-r, cr andi remote catralled distortion analyzer. The scanner accesses the
•T tra .,-- -, uc•-• t of each NFCT, selects a tone channel and denmodulates it to DC,
=-d tb ea-m m-- distortitn aad detects loss of transitions. After each tone channel

i'm a I. c-- e has been anm1vzed, ar-.ther VFCT VF output channel is selected.
-Se•-er-. too c.ar•s may be analyzed simultaneously in order to maintain a scan
cyc-le -f p.--umaI--.•ye two min--es for each DC circuit. The characteristics of the
-- - tone sec• r mr.-u match those of the VFCT's used, in terms of tone frequencies,
Sf•..a,-m shif.l keying or ph-ase shift keying (TSK or PSK).

64



color~~~ ~ ~ 
pot11.-%Atif1

.6111t324(22 4,314 444 342 332 to4
________ HAMM_____________ Mo.__________

list$ 2 %ca3a19 0-as4fc3W o

3 0 8t2lisp4goe

SI1232431)2 j o a 1- 244,

42 38321 81122

fit111 48203 C1121I*I 8 2 31-1

als 1412443 )m________________ $Ic4

301.20 4I I LAM S1193 TV3121 r~f11Oli 2

1143 2 14 021124232 32

Ito"223 23t0I224ol F A~f NI

24314 1 32323 .181421 IF ANIL 1243ll

2212

1332

i2f2 2212).2
Stovall 32214 4122 MAN42

lil .. .. .. 
2232--42.ý

22NI 21 20il
282423 2283)

3828 22323 8

fill18L

423238 22

oil:32 sill1 
41m . AQ

4212333I' :It(34 2

16M02424231

M o tS:111 161CI221402233oI's 43313 Is3 INS OU

843 W 3241 22t



ASOA

-- .ncs .. nz..---

a -a--- ~M". "SUM- - "
0o 9b - W-1

+-*"p +_ _ - - -* "4- ®

~~~~1 •1t v_, . .. L . ..

Sollý* CPI I

S ......... . . ...... - 45 : ' ( I )'.

11 1- 4. *4l We I14'e.

---------

____ : L•L,

_ .t,..~ i 11 1

Mt

S- C.. .. c4. . 4,., _. - . ,,, ,,.-,.+,. . .. ,, ,,=

| , ,.,



I__ __________

__________________

441 *1fl ,..*I a... -
... fl.,�. -

-. 5----

* . .4 .4 .. Eta...-
nfl.,,." .4.145 '4 -

*5 ... r-. ,- 4.14.45 - 545 551

4.- 45 4- .- a- I i
5** .... ...

-. .45545.4 --45 ---. --- ��--.45 *45*t 4.- �**** .._______________ .4,4* - - -- -

-n.e - .rc... - .�. - -
_ .5- -� I

5-- - - fl� .- -

- *t - *5*,. 14*51* 45454

- -, S -, 4....... fl3 I4� flssS a.' a... . -an'
.41* 45.5 - -- 5

5545 5 5.4.. 5.4O4 *465

____ ____ ____-4� ____

-54-
t5 4. **. 45. 0

45 445 ... 4.. 445 *45**.

- - .... a,,K. _______ _________

_____________ _____________

-is-- ________

-. 5 .5,, sIn - a.,- *�.45 S 45*.�.. 4. at...'. .5

* 4 'S -. - 5 45%- 555 . .455** a�

p
5-. xJT: cir Li

5. �-EE

Li

I



VLW * =ma

mo
Uar 2.tw

-"t VW, i mk
~g, ~ _______ t if I

21 Tmi~ r
-u dc" "no

4nD

X 3*s .et

-wt -jwnr

-~"M ZJt =t- s,

n.,sa ismm 4

mt. .

tu t. T 4=

=L W d 1



"Opt
sup~

or

=MW -4

on ZSC

_ _ _ _ _ _ m
30_________ 14M 42" -s tt

* .-. ~ H&Zug"

4UM

- 4

* - -- or~

~~"M
. ~ $LU - ~ U ~' ~ 13

s*~. ~ - 5Aloft&

' ~ ~ .- - - it

E t::* '&'

AV',

=Macy
"Wmer At ,

S1=



a2 ;z& -cz~zf ±z d~m C~c le- w

Rwm~- a29

-'I= 17 ta- C.=;ctxw77 =mtfi i tswzl v i r

L :..r-O V-- -r-zft~e iur-3rz sw~an= raaim csp~

afbw=-7- r --,' TT M±E? jLmJ

II 2!t * Irnt!.A zIn= 77 2ft 3nýtý 1 ý9Ih

-- m - &Wt~njtý?- V'b' IMM.' -Z4fiM~d it iM ==Mt=UftJ~f% -
1~t~1I12Jt1 2==V Wit I~.. : idc:-- szm:!: r =TC&M =~ L.'=E ftwt I

7F =H ie ==02==t A.!1 =ue-Zm -%---a~ z ar 1uriWm -- =V lf e& x i ww t2rti

th n .4-M ar = =rZr-

T, S-.- nd 2~wvSUM w.--h~I
H.2rndx~t Atn tr-~m;n:tj~ =mzg



£ ~ ~ e ~ Sze L. bza- ws;;,:ie-_r paI~~tzd

'-i zd-- Zm Ct,-e -3E = C

!: bk cq± =eft IM atr=- 921 kmt. z

im tCR iasti= - 77: a ~z xz Im- -c =!z =%I
Wr~c. 2-v-4=bo a rea: i ý r -alu-w csldaaF =b-ctxý;- ~ =p-eq-e--a=tx : -aom 3rz=SC c

t~= =dt-=St;e FIr=r-:-lVjtMS=ký:! eZZ,= Al=£=a~

=L=-- meS 1- z=Se ~~ =e~~

L= ;mms -ý !et-- V-s qt1intý wzl:- -

I-ra zzft tal,ý,-2-

~ m~ ~ i~mq se~~Lxc ;=. ;ecuizt-

5~r~e 2~hf i11 ~ a n i .Ezzrn =ms wcntl Iar ft t

-= -=e -. d: =--t m -F! D - e& = a-O m.

nu q -l =tfir=Ztk n



fz c~e-2S± cf 2ht A7 ~ =- tn= Ye= c9 ! j
As gL ,k ý :2e 5'I r c-vi/iiiez:er21. T.

. t ~. 12ý d Z=~ o-Vt- F = c! t x~s t

~~'E E!fsz 22--cg2 =.es v &± !tej 2

~~p =dyez qm--jt != tte 1 4,~z~3.c~~

a=,-tm 6=5om mp~ts
DOCCt~eOWEzgey 5--- c!MTzd=.,dcae. z-c5[L/

Vl eE--CL g- etglrrI

~In 4-Y :5it efcomw1 ±

Mej =Pi =,TIM =Crv muix! ;r=-.w z 2ntt 5=z =--tcaur !hl

bp ep e1)!n r:ea-muc lf u cf: fwr--eip

-=g 1= r * m-Anzds.rt-,ý A--i tM t

3m~mzin ~m n ax. ufizn xii z'm T=-== c ~ti

ini n.- ul TCL-!- .je=r"g Axmans ini zzuf~

£ w' =f Z tixz n -a-a i 1ftan,. a twe ~ i :6ý =1 2E1 1~ 1



jIE 3)l S&OV- Cf FVtm 2- !&~tý4f'6rd M -

4m at~mt TI-k =a~X1L

-4t= !e v£ZxYz'ad =. =Idi it m'it 1 3 trX rIL- Ai -Zi -

aealir Ir =Mf~j- ~The n:t-= --,X =m gmdlL, Si! astmxflm sa-uh T

xtun-v--f niiic-nidtri --=fw s~iad n emnim V:I ~td toýrr=? %d=Wx

TMM-Z:L !w A~,- Fci~t



afa911T 19 inum --Sct z.lfi~' eMk r 9 __

TS ~ 5w= raf~ =~z =~tw

%f :51
t.. ?i~i~ ~ .. cx ~ ti~z n~ ali.Uumz.0i5-- -z

tit m~i nr~i z~r mutiraY i u izh.f =mi ff ,if =mzpa

if rawzhffiiiltl if Z:An~nL ":: nm-xi't* hr r~uu imi.

I~~~~~l rIir. frltz2?l :1: iiuil =r±2~t ir T (nA-trnmI lw4,U)tT

~" sj~.i if -mii a if tiit

imam Zftt t il w 2±ut.Ii t- i iimgitm Wi dZvi 1l m

wnm- =r



tfýL MZ u=- =M T'ý=_ -= i>

§=nv mzekzm~r v.e- =r,2- -e:ttt a~

C:E~urý- .z. 14Z,7-; 1UttaW, ti Cl= -tar nm mpiit == -aitzr ILv tie

!t i1 --If: T.u if: -zIw irc"; 2at ýL D~u= ut'~~ iiI

=--?~m~z 2--- ±tt.2 =- zic ixr ftf ktml j= Z-1s ~w z? r uZ)~f L -1x

zzz ti 0=Z- 4:=ý =;e==tr nnIM -a~ &trna -- m lat=
tine t n :dc~w-a2 rt~¶ Nftii; le ii q-mx Thatrmf m ait i

4-j~a 7cmt~luxt I-q -'ý =±ma .=:& truz=P vamnum- zrxerE

b-n -a---- A , -uy mir= tn -w

2-m :nt: 12~ iufat =nfmr aru _-:

~±' :ip =rh ra u= Thm :nl ia ~riti %t
wi,= za ae~ v~c~uI 41 2- ±L -at Ir :2'=ictrl:-3

;;Wear =~t f flnna.=C 41=Ua, lt=#Lti



4mr. f ==I! VTL.!e m t_2-s of CL-',-lts. OM.nus,
=3d aints = x -i-C st= ~zd ilso ~-, the cieraskim-. requir~einents.
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6bF~i't :e-!r- .zi fl rw:3d CB a ,ndition) of
=--etf- tit.pner =x ---L- kc~tv-g is z restk~g cr. o~em-teo cto and

~ nn= 2flE ýý rrm-- cS r6--e to. the status5 rmccntoT-ir

I- '-z-rIE:J= ;ý ctaez ATEhC Eilz±tLs- zn TCF~s in rma-tters* ve-rtdrn-
-34 -- '~Y C.f Cizr cbz2rels 2rd circuzits for which

-,~t -r Tes s2ctrg opearator wil her-
3 -iz~ 1=-, - 7iae s oxe:s = si~orm r 5in be

Wept--__I =sor com-meo tni-caticns service. The
vre~ zzs o-en a~eBtp~--=rer ar mer-- res, m"aly, in co-

=M~ 3tz s at otber A TEC facilities and

'..7~ciri~t. ~~cf "~ CF's a-nd P-1iTs on ali mnatters

~~~A3.~;D C S i fOwhich fhe ATEC hasI
ýzza'-t7-72e s -- m eftori-- c-::ersxor wffl hancfle- all incom-

mg ~ ~ccr cizzcatis, Tis -roice or teletpe-wrlter order-

im.rs --,e- -- eYr m orde'erire exzista- to P a ticub. PT F or

nit:. vie ! be 'eto 2access the particbl2ar circuit in

tco tbe r- or Tbe operator will then use
7--- ~ , raz or insert a test signal to checkI

=I~d i !ziti-4te an-- changes that may be necessary to

-~a ftcaI *cal on- ma~ters vertaining to commumicatians
azd -i~ Th ~ ncu-i~oring operator wIl coodiat wit such

t zen sma'h b,. televbos, and provide assistance, as required.

_________f serz-rice to E=-ers, utiliziij predetermined alternatr
_____dnc s-ith restablished INCS restoration prioriflcý:.

__sxszs serice or knar-Iedge of imprending outage, the status
--- ~-~ xe=-tor will, be responsible to take necessary action to

-7ec~t r--trlor co ~ai~of serviee. The operator will have
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access to stored aata files containing information on priority, preflle
and rercutes, Normal restoral action will usually involve-channel
substitution with a spare channel; however, in cases of link failure,
group restoral methods will be implemented. Switching of channels
or groups will be effected through keyboard generated instructions to
the processor which, in turn, will cause the required switch matrix
connections to be made. These actiont3 will require coordination with
other ATEC's, TCF's, PTF's and users, and, in addition, follow-up
action to effect itrmaization of circuitry and systems by coordination
with maintenance, -'emote sites providing telecommunications channels,
or commercial comn,.r carriers. At certain times, reroute action may
require preemption of channels assigned to users with lower priority
circuits. The lower priority users must be notified of the preemption
action and the operator will be responsible for coordinating the outages
with directly connected users or with subordinate TCF's and PTF's at
which the preempted circuits terminate.

e. Activation, deactivation and rearrangement of circuits, lanks, and
equipment, as directed by local SOP's (standard operating procedures)
or as directed by the Central Control console operator. The status
monitoring operator will have responsibilitibs of testing, monitoring
and verifying performance upon activation, and also of coordinating the
deactivation or rearrangement actions required, according to proce-
dures or direction recei-ed from Centra! Control. The coordination
will be done using the intercom, voice or teletypewriter orderwires,
and telephones as necessary. The operator will access the circuits
or channels of interest for monitor and test purposes by keyboard
generated instruction to the processor, which will bring up the circuit
or channxels on test buses whi;Ah appear at the consoles. The operator

will then be able to monitor activation, deactivation or rearrangement,
as required, and verify that what was to take place, has taken place.

f. Prepaa.,'ion and entry, for repirt purposes, of narrative information

on uuumstl occurrences such as unplanned station outage, or inter-
fetroce on assigned radio frequencies. Following determination of
sueh an RFO, the status monitoring operator will cotivey the infornia-
ti&.), to the Central Control operator and also make the required entry,
,ria a keyboard, of the necessary elements of the report into the pro-
cessor

g. Coordination with remote HF transmitter and receiver sites on fre-
quency changes and channel usage. The status monitoring operator
will have the responsibility of effecting irequency changes, as required,
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demodulates the baseband signals to the VF channel level. At this point all VF
chsnnels (from both the user 'v channel selector and the baseband VF channel
seletuor) are analyzed to determine what level is present and whether or not the
charnel is carrying speech traffic. Speech identification is essentially required
on alternate voice data circuits wh2ýre the voice levels encountered may be the
Eame as the supervisory tone levcl. On other circuits (voice with no supervisory,
continuous VFCT or 1ata traffic) the processor "knows" what ij present and can
more readily perform a signal to nolse measurement; due to the normal existent
wide range of level differences between the traffic and noise levels. The VF
channel scanner converts the level from the analyzer and assembles the informa-
tion, for input to the processor.

All devices shown, with the exception of the analyzer, are under control

of the processor, via the processor I/O (input-output) Interface Unit. Synchroni-
zation between the processor and the user VF channel selector as well as th-ý VF
channel scanner is maintained by the top-of-scan identifying code in the data.
The baseband VF channel selector, which has the car' bility of random access,
maintains synchronization with the processor by sending the selection control
instruction to the processor after completing the sciection. The random access
feature is required to permit rapid access and analysi, of any receive chanmel.
at the baseband level, when an abnormality is uncovert-d at the receive side dr __
point. This feature is the first step in fault isolation.

To achieve standardization, all digital interaces between the d -vioces
shown on Figure 4 are to conform to MIL-STD-188B. standard ia'erface, low
level.

a." Baseband Voice Frequency Channel Selector

This device is required to dt iodulate baseband signals to the VF
channel level such that both one group of VF channels (12) or any
one VF channel of the group is available for subsequent analysis.
Selection capability of up to five transmit and receive baseband I
signals is required. Two baseband modulation plans are to be
accommodated, one for twin sideband and on, for lower sideband
in accordance with CCITT recommendations. Manual and external

control, of random access of the group and channel selected, with
appropriate readout is required. A maximum demodulation rate.
of one group per 180 milliseconds is required per system require-.
ments developed in paragraph 2. 1, Section III. The demodulation
performance characteristics are to be as good as or better than that
of the receive terminal of the multiplex equipment normally re-

S~ceiving the baseband signal. Input isolation from the baseband

89
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i

signal is to be imeindsd such thai during normal opermton, or in
the esen of fallure of the device~s inpuzt cifrcutry, no apprecba~e
degradatica iIs e~perlencred by the baseband signals. Ee1I-te~tiig
features are iecmired to permit Independent cheek-cut of the device.

t. User Vce• Frequency CbameI Selector

ibis device is to be capable of sequentially scanning VF ebamels
such that grcups of !2 or 24 chaines are made available for sub-

eanenf analysis. Input chanel capacity is to be frow 12, minimum,
expandabile 1 increments of 12, up to a maximum of 720. Mawml
and external control of the scan rate, Including readout ex the
scauner's location, is rcu.ired. Kaximum scan rate will be ore

groap per 180 milliseconds as in a. above. No appreciable deg-rada-
tion !s to occur to the VF signals in passing through the scanner.
Self-testing features are to be provided to permit independent
check-out of the device.

c. Voice Frequency Channel Analyzer

This device is to convert a VF signal to a DC voltage and identify
th-e signal level convear.i-A as speech or nc! 1peech. The signals
presented to the devie• may be VFCT, data modemn, signaling,
noise or speech traffic. The device is to be cpable of bridging
or terminatfng 600 ohm, balanced, VF channels with no appreciable
degradatio• to the input signal whe1, in the bridging mode. The con-
version and identification time is not to exceit 500 milliseconds
per requirements in paragraph 2.1. Section Hl. The level sensor is to
exhibit characteristics similar to the AF semnors described in para-
graph 3.1.1 of this section.

d. Voice Frequency Channel Scanner

This device is to be capable of sequentially scanning the VF channel
analyzer's outputs and converting the DC level signalc present to a
digital serial stream of data for inputting to the digital processor.
Minimum input capacity is to be 14 (two for use on test buses),
expandable in increments of 12, up to a maximum of 74 Inputs.
A six-bit level conversion is required, nominally, for incremental
quaar.ization of the Input signals. Two sequential inputs are to be
assembled into one 16 bit output. For increased reliability,

triple redundancy and majority voting logic is required. Manual
and external control of the scanning, with scanner location readout,

90



is to be prarid vaaxi-m s= rzt wfll be £5 "i.s per sd-
Self-Ustmg feabr are to be provlided to petc I cck-e-
oct of th dnce..

Idon~toring of digita I circuits is to be peifommed 2! two poizrs; at rhe DC

nection oZ the devices reqaf!W for mniriorig at the VF rLý level. Figired 6
depicts the DC drop incoltorhn device.

These equipments provide moritorimg of al DC eircuits appearing at a
site. The VFC'T tone scanners (PSK and PSK types) provide access to t-rough

circ•uits b:- 'b g-oat" the towecLarnels from the VF chamels pssing t-hragh
the circtdt patch and converting the tmes to DC signals. At t -e-ni tbe remotecontrolled distortion analyzer determne the total (peak) distortion and pa

caunt of th, DC signal. The results of the measrements are assembled for
Inputting to the processor. The automatic digital circuit analyzer performs
similar measurements, at the DC drop point, for iuputting to the processor.
All devices shown cn Figure 5 are under control of the processor. Both scanners
provide top of scan identification bits, for the VP channel selection and the tone
chas_•el selection, to maintaWn synchronization with the processor. Speed zelec-
timn and unit interval code (including synchroneus data selection) selection, in
the remote controlled distortion analyzer, is under control of the processor;
the processor being the, device which "knows" the nature ot th signal being
analyzed. To achieve standardization, all Interfaces between the associated
digital circuit monitoring devices are to conform to MIL-STD-188B, standard
interface, low level.

ra. VFCT Tone Scanner (FSK)Q

This device i required to 'break-out" FSK tone channel from VF
channels and convert the tones to DC signals for subsequent analy-
sis. The minimum VF channel input is to be six, expandable in
increments of two, up to a maximum of 50 channels. Due to the
high quantity of FSK tone channels normally in use, four tone
channels are to be comnerted to DC signals, simultaneously. The
device must be capable of converting 16 FSK tone channels with
170 Hz spacing of center frequencies from 425 Hz to 2975 Hz with
a frequency shift of + 42.5 Hz. The keying rate of any one tone
channel will not exceed 90 baud. The device is not to add more
than a minimumn amount of distortion (less than 1 percent) to the
signal during the selection and conversion process. Manual and

9
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sponse, envelope delay, signal-to-noise ratio, non-linear amnil i:er distortlion,
frequency cffset (translation) and sbort term frequency stability (phase jitter);

and capability for manual (patching) or a-itomatic (ex-ternal switching device)
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The te-stimg requirements as determined in the Circuit S-ttus Monitor-
ing Study task, Section IX, incl•de a manually operated distortion analyzer teat
set and a bit error --ate tester (Data Transmission Test Set). Both these items
are readily available as off-the-shelf items. Listed below are manufacturers'
mode! numbers (or equivalent) which can meet the fLmctional requirements of
these equipments.
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must be sacrificed; i. e-, a certain reduction in capacity andi a certain amount of

blcking must be accepted. Thz capacity- can be typica-fly 20 percent- of the toWa
number o ici pernesneti ubrgnrfyeces h-nme
of patches required to be -in effect at a given time. The blocking probability can
be t~ypicaliy 01 with the switch already activated for 20 percent of the circuits.
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Tw space requirementrs of the above coafigaratioms forced a further
-onsideration of the atilization ci so-lid state switching elements in lieui of the
magnetic latching reed relays considered in the above discussion. The prrimary
advantage of reduced space requiremenut iir cor-sidered to outweigh the disad-
vantage-a of the solid state switehiug element. The disadvantages, as indicated
inSection XIII, are:
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b. Not c e of hanling group frequencies

c. Coonversion of analog signals to digfital required

6- No L-ize reduction for 2-wire circuits

e. Greater power reau.ired for crosspoint holding

f. More logic and control circuitry required (Reference Table IX
of Section XIII)

"i"e preferred solid staze approa•h (SEction XIII) required that the signals be
digital for switching purposes, and accomnplished digitalization of analog signals
via Pubse VWidth Modulation (PW1¶). Investigation of design possibilities relativeIto using this solid stste switching element indicates that optimum packaging
(-reatest space conservation) can be obtained by employing a switch module
capabYe of 96 circuits. Again, 12 of the ports are required for intermodule
trun-•ing, leaving only 84 ports for circuit connections. in reality, then, each
'switch module accommodates 84 circuits. Hence, for the 1500 circuits men-
tioned previou.:ly, a quantity of 18 switch modules ar2, required. Also, three
additions. switch modules are required to provide intermodule trunking, thus
esulti.ng in a total of 21 switch modules (42 for both send and receive). EachI switch module Is composed of a number of individual smaller modules arranged

to fornm a three-stage switching matrix. In summary, each of the first and third
-stages consists of a quantity of twelve 8 x 2 matrices, while the second stage con-

t |• sists of a quantity of two 12 x 12 matrices. Therefore, 42 svitch modules wiii re-
sult in a total of 28,4241 crosspoints, and will require 10-1/2 equipment cabinets.
This is an appreciable reduction from the 43,200 crosspoints and the associated
926 cabinets required for the reed relay approach.

The quantities of c±.osspoints and of equipment cabinets as established
"above are those required to provide for circuit patching of a quantity of 1500 VF
channels. This is the quantity of channels existing at the Fuchu site, which is
considered to be one of the largest stations. Upon closer examination of .

Sactual uzage of the circuits, and taking into account the cost (approximatei! $10
per crosspoint) of the required switching, It becomes apparent that it would not
be technically effective, nor co3t-effective, to provide switching for all circuits.
Investigation reveals that of the approximately 1500 total VF circuits, at least
450 are switched trunks terminated on the collocated tandem switch. Such
channels are selected by the tandem switch providing automated patching
(switching) at the circuit level, while the ATECF is effectively duplicating an
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existing capability. Also, of the approximately 1500 cirmuits mentioned above..
about 75 to 80 are AUTOVON trunks connected to the collccated AUTOVON swilkh.
These circuits are segmented into small groups at the ATI CF circulit patchjswilxh,
and require only a limited switching capability at this poItt. Hence, cf the i 500
circuits only about 1000 need be provided with switching c.oabiity at the A TEC
circuit/patch/switch. For this reduced numbe J1 mircLvkt-, the above soli.' atate
switching approach reduces to approximately 19, 000 crosspoints, requi,-in"g sever.
equipment cabinets. It should be noted that a separate additional cabinet is needed
for the required switch controller.

The solid state matrix approach to the circuit switch, as described ailm'e,
is considered to be near optimum. However, it is still reitively costly, rrmarly
$200, 000 (at an estimated $10 per crosspoint), and requires a total of eight cab'-
nets. It also requires a major additional item for support, nmly, a storage
battery capable of maintaining all activated connections during a major power
failure. The actual switching requirements could be further reduced, hcwever,
by providing switching for only selected circuits, that is, for only high priority
circuits or far circuits selected on some other restricted basis.

A careful examination of the other candidate areas (patch bays) for
application of automated patching has been accomplish-, with the objective being
to minimize switching requirements. Consideration was first given to th-e ATECF
primary patch. This patch facility is, in most casas, nearly as large as the cir-
cult patch, and would thus require a comparable switchirg complex. However, t-
function of the primary patch is primarily that of equipment substitution. That is.
when used in conjunction with the circuit patch, a spare or preempted line condi-
tioning equipment ,an be substituted for a failed unit, or inserted into a channel
when deemed nece.:sary. It should be noted, thnugh. that only certain combina-
tions of line conditioning equipments and VF channels are permissible; there-
fore, complete intezconnectlon capabiliky is unwarranted for this parpose. Hence,
it would suffice to group channels according to line conditioning requirements and
to provide switching c.tprbility so that one or more spares of li.ke conditioning
equipments could be connected to a cha•mel (of the group) when and as required.
This would greatly reduce the switching requirement, and would, in fact, result
in a configuration equal to about one-fourth the size and cost of the circuit switmh-
ing configuration. However, further investigation reveals that the line condition-
ing equipments have relatively low failure rates; hence, the rate of substitution
for this purpose is very low. It was therefore concluded that automated patching
(switching) would not be cost effective, and should not be provided for the ATECF
primary patch,
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switchable to any other group within Its associated supergroup or within any other
supergroup. The supergroups may be within a single baseband or distributed
among several other basehands. A more technically effective switching configu.-.
ration for 110 groups would be a three-stage 110 port matrix. Stage 1 would
consist of 11 individual 10 x 4 matrices, stage 2 would consist of four individual
11 x 11 matrices, and stage 3 would consist of 11 individual 4 x 10 matrices.
The result Is 2728 crosspolnts requiring three cabinets. This is somewhat more
thaii the 2048 crosspoints (approximately $7000 additional) contained in the previous
configuration, which employed the 128 port matrix. The improvement in cap-
ability, however, is significant. The amount of blockIng has been nearly halved,
and compatibility is considerably improved.

High priority channels are expected to be grouped or concentrated.
That is, all highest priority channels within a given baseband are to be located
within a single group (one or more additional groups may be required, d&pending
on the number of chayneis); hence, upon failure of group equipment, a lower
priority group may be preempted to support the high.r 3riority group. Similarly,
where link. degradation is experienced, the lower priortAy groups may be dropped
and only the highest priority groups retained. The switch confLguration described
above specifically provides for this cipability. That is, the individual 10 x 4
matrices provide terminations for the 10 groups that make up two supergroups,
and permit the connection of up to four of these groups (two from each supergroup,
four from one supergroup, etc.) to four other group channels. In addition, manual
patching at the group level is still retained in order to provide back-up in the
event of switch failure, and to handle the overload in the case of mass failures.

The applicability of switching to both supergroup and baseband patching
was also considered. Since the number of supergroups and basebands at a given
site is relatively small, the required switch could also be relatively small. How-
ever, the advaniages to be gained from the Implementation of switching at these
points would be primarily restricted to patching speed. The other advantages
meiztionsed previously would be of less Importance at these points -because of
their small number ,nd simple patching configuration. Even if switching were
desired, a major deterrent exists, which precludes its cost effective and even
technically effective implementation. This deterrent exists because accommo-
dating (viA switching) the high frequencies and low levels associated with the

communications signals at these points is not readily accomplished. in addition,
the loading effects caused by the introduction of switching at these polnts can
cause serious degradation of the normal communications signals. These problemF
?Gntri-ute to a very higa-cost switching for supergroup and -,seband switching.
T'here•.fre, i is _ecrcommended that switching not be implemented at these point-
because of the technical and cost problema, as ivell at the minimtxn gains to be
obtained. instea, effe • and flands should be concentrated on 'eproving patching.
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3.2.2 General

There are four patching facilities required for ATEC: group, circuit,
primary and digital (DC). By design ti.ere is considerable commonality oi func-
tions and bardware throughout the four facilities. In this paragraph, the major
functions will be described first, to establish definition and understanding, prior
to tho faeility conf:guration discussions. The principal characteristics of the
switching and patching facflities are outlined briefly below, not necessarily in
any order of importance.

3.2.2.1 Sea'ed Contact Jacks

Sealed reed relays will replace the open point normal-th'-ough contacts
used in conventional jacks. These relays will not be an integral part of the jack,
bult' will 'e actuated by control signals generated by patch cord insertion. The
only open contact surfaces will be between the plug and jack surfaces (tip and ring).
This concept of manual patching will substantially reduce the system noise gener-
ated by dirty and corroded normal-through conitacts.

3.2.2.2 Cord Scanning

Insertion of a cord into a jack will generate a level which will be sensed
electronically through a solid state cord scanner. This scanner will deliver cord
insertion and removal data to the ATEC prcessor to aid the Tech Controller when
manual patching must be resorted to. Every jack in the ATEC patching facilities
is to be afforded electronic cord scanning.

3.2.2.3 Normal-Through Connections

Every normal line-side to equipment-side through-connection will be
completed through a reed relay. This relay is actuated through local matrix
control by processor-generated patching instructions.

3.2.2.4 Monitor/Test Connections

Several monitor and test trunks are bused to all 2-wire ciecuits. A
monitor trunk, w~th its associated high impedance test device, is bridged across
rhe circuit to be rnonitored when the selected reed relay crosspuint is operated.I
A test trunk opens and terminates the circuit when the reed relay crosspoint Is
operated. A test trunk can be used to inject test signals, such as tone or "FOX,
into many circuits simultaneously.

IJ
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3.2.2.5 Solid State Patching Matrix

qm A processor directed space division matrix will effect line side to
equipment side patches to any one or more two wire circuits. The send andreceive pairs of a typical 4-wire circuit can be swliched independently. Since

t"•e matrix crosspobts are digital (a 4-crosspo!nt MSIC Is used) voice band
analog circuits are digitized at the Input and reconstituted at the output. Digital
signals need only be level converted (up or down) in order to be switched. The
three-stage matrix can be optimized for a stat.t-,fcal number of simultaneous
patches that It can sustain at a specified probability of blocking. Blocked patches
are then put up manually.

3.2.2.6 Reed Relay Group Patching

Because of the bandwidth involved the group signals cannot be switched
through a digital solid state matrxx, Therefore, a reed relay matrix will be
employed to provide a comparable processor directed patching service for group
signals.

3.2.2.7 Relay Hardware in Patch Piys

The relays for the normal-through and monitor/test connections will
be mounted on printed wiring boa--ds. These boards will in turn be mounted in
the same cabinets as the jacks with which they are associated. The average

cabinet will contain jack sets and rely boards for 120, 4-wire circuits.

3.2.2.8 Switching Matrix Blocks

The basic building block for the solid state patchilg matrix will switch
up to 96 circuits. Printed :w'.i-ig hoards can be deleted to the extent necessaryI tý equip the matrix downward for less than 96 circuits. Up to six blocks can be

grouped in a cluster, with a seventh block serving as the point of interconnection
between the blocks. Two or more clusters may be trunked together to establish
a facility in excesF of 1000 circuits, or to create a "split patch facility." Four
96-1ine blocks will be. contained in one matrix cabinet.

3.2.2.9 Group Matrix Equipment

To minimize wire lengths and stubs, the group switching relay boards
will be mounted in the same cabinet/rack with the mux and channel equipmert-
This ewitch will be partitioned into small blocks appropriate to each cabinet,
with limited trunking between cabinets.
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3.2.3 Switching Functions

3.2.3.1 Jacks and Normal-Through

The method for utilizing reed relays to replace open contacts on the
jacks in shown in Figure 7. Relay K1S will open when a DC control circuit is com-
pleted through the cord sleeve to the equipment side jack of another send circuit.
The comparable relay (K5S) of the other send circuit will also open. While KIS
Is open It terminates the circuit coming from the right. K5S operates in like
manner when a cord Is plugged into the line side of another send circuit. The
same arrangement works between receive circuits. Cords are patched between
the line and equipment sides of different circuits, and L to L or E to E on the
same circuit fur a loop-back.

Relay K3 is the normal through contact, and is remotely (processor)
cjntrolled. Relays K2 and K4, also remotely controlled, provide access to the
switching matrix. To patch the receive circuit through the matrix to another
termination, the ATEC processor first directs the local switch control to close
K2R. This action auti.o.atically opens K3R at the same time. If a 4-wire patch
is being Implementel, K2S is also closed, causing K3S to be opened. K3 is
interlocked so that it must open when either K2 or K4 is closed. While K3 is
open the two legs of the circuit are each terminated in the solid state patching
matrix. 112, K3 and K4 are magnetic latching and are, therefore, pulsed open
and pulsed closed - no holding current.

Relay K6 provides a way for the processor to put up a send to receive
ioop-back patch within a 4-wire circuit. The K2 and K3 relays must be opened
before closing K6. By placing K6 between K1 and K5 the relay loop-back can be
bypassed by any line side cord patch. A send to receive cord patch is also possi-
ble because of the polarities on the coils of KiS and KIR.

3.2.3.2 Monitor and Test ¶Irunks

The utilizat on uf reed relays for the monitor and test functions is
illustrated in Figure 8. Two typical trunks are shown. These relays are rnag-
netlic latching, and are pulsed open and pulsed closed through the lozal matrix
control from remotely generated monitor and test instructions. A test trunk

-an be connected tc many lines at once for the prupose of injecting a common
test signal, such as "FOX" or a standard tone. The number of simultaneous
connections is limited not by the switch but by the drive impedance of the test
signal source. When a test connection is made, a sdilstitute load impedance
is switched in to terminate the source.
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3.2.3.3 Cord Seanner

The K1 and K5 relays (see Figure 9) contain a control contact not
shown in the diagram, omitted for graphic clarity; and because the same function
may be accomplished by an auxiliary contact on the Jack itself. When the relay
is actuated this contact closes ground to an Integrated circuit multiplexer. The
multiplexer Is commutated periodically by the cord scanner common control.
This control recognizes when a cord Is inserted or removed, and forwards this
information to tha ATEC processor. In an alternate mode the scanner will
continually inspect only those jacks for which It has received addresses from
the processor. The processors ut!.lze the scanner returns to inform the Tech
Controller, through his display console, that directed manual patches have been
properly executed, An integrated circuit for scanning is included on every relay
board containing K1 and K5 relays. "ie cord scanner is diagramed in Figure 9.

3.2.3.4 Relay Control

The relay switching functions are controlled steparately and idnd---,--,
ently from the patching owitches (including the group switch, even though It is
relay). There are three reasons for this separation:

a. The methods of crosspoint actuation are substantially different,
so that little efficiency is gais:ed by combining the relay and solid
state switching control logic.

b. Not all circuits will be afforded switched patching; but all circuits
will be equipped for automatic monitoring and testing.

c. Failure in the more complex patching matrix will not compromise
the much more frequently used relay control logic.

The control logic receives from the processor an instruction that
identifies the specific 2-wire circuit plus the specific monitor/test trunk or
normal through function (K2, K3 or K4). For control purposes all the relays are
arranged in an X-Y coc-*dlnate array. Using the instruction's open or close
directive, the control logic selects an X driver and a 'Y driver. These drivers
are pulsed for 5ms, and the relay at their intersection is actuated. Concurrently,
verification signalr are picked up through a separat' network to tell the control
whether cr .iot the selhcted relay was actuated. Each relay contains an extra
contact for this purpose. When actuation is complete, the control logic forwards
a yes or no verification response to the processor.
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3.2.3.5 Scanner Control

The scanner common control distributes line address signals for
commutation, and collects and formats the multiplexed responses. Upon direc-
tion from the ATEC processor, the scanner will commutate all lines periodically,
or concentrate on a very few selected lines. The latter mode would be chosen
after a manual patch has been ordered so that the Technical Controller can cl •ck
upon the timely and accurate implementation of his orders. Scanner control is
separate from and Independent of the relay and patching matrix control logics.
Thli Is done because the logic Is substantially different, and because the scanner
-s most needed at times when extensive manual patching is required. Therefore,
failure of the switching control logic, or its use to troubleshoot the crosspoints,
sho7)uld not compromise the -cord scanner operation.

3.2.3.6 Solid State Patching SwitchiS

The patching switch provides a limited number of electronic patch-
cords. Its internal modularity permits the switch to be equipped for a quantity
of electronic patchcords equal to the average number of regular cords that one
could expect to see up at any time in a conventional patch facility. The basic
element of this switch Is an MSIC containing four b!-dlrectiowIl digital cross-
p'Ants and their supporting selection and latching logic. These elements, which
are actually little 2 x 2 matrices, are arranged on printed wirlig boards into
larger submatrices. These submatrices are in turn interwired to form the
basic matrix block of 96 terminations. When the send and receive sides of a
4-wire circuit can be switched together, one block can be used to switch up to
96 4-wire terminations. But If separate control of send and receive is necessary,
then two independent b] )cks must be used, with th crosspoint circuits not fully
utilized.

When the switch is incorporated in the circuit patch facility, the voice
or modem signal at each inlet is digitized by a pulse width modulator circuit.
The digitized signal is switched through the integrated circuit crosspoints - no
less than three, and as many as twelve - for an Intercluster connection. At the
outlet the digital signal is integrated in a demodulating circuit to recover the
analog wav-form. In the DC patch facility the pulsewidth mod-d'..mod circuits
are unnecessary because the signals are already -- gital. Stnce Jhe in-stption
DC signals will conform with the MIL-SID-18813, :he matrix terminations will
ba equipped with 188B compatible interfacing circuits.

The arrangement of 96 line blocks into clusters is illustraei in
Figure 10. In the typical configuration shown, twelve of the 96 terminations
serve as Intracluster trunks. The common block serving these trunks is
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Identical to the other blocis, but it does not need to be eqipped viM pase vtckb
mod-demod circuits or MIL-STD 188B ch-rcuits. As shown, the cizster can
serve up to 588 circuits (7 x 34). By de-leting blocks, any lower nunierof
circuits can be efficiently served. The most practical cluster for ATSC por.p s-.
is a 6 + I block configuration, providing 504 circuit terminations (6 - 94) amd 1-2
interconnect trunks in each block. The cluster is limited :o elgd blocks dne to
the practicli aspects of control. But If two Identical clusters are zee&d to po----
vide Independent send and receive switching, one common cluster control c=
serve all blocks (up to 16). Aa part of the facility engInEering task, ermirc.ts axe
assigned to matrix terminations so as to minimize, statistically, the rx---o- cd
Interblock and intercluster conz&..ions. This minimizing W it. result tn fewer
blocked patches and more efficient utilization- of switching hardwmre.

3.2.3.7 Patching Switch Control

In order to execute an electronic patch, the ATEC prcx-essor =-=V
forward to the switch/cluster control logic the bimary address of the tvo
tions to be connected (or disconnected) in a given block. Local. co--rol ta-n-
searches for an internal path, selects and a•t•ates the solid state cr•ssmefr-a.
verifies through an independent network that the selected crossoires We-e is
fact actuated, and forwards a yes or no response to the processor. If no iz=e--i-
path could be found, a "blocked patch" response is retarned. Interi.ock c~rec-
tions require three separate instructions, and the processor mznst k? -- --
the usage of Interblock trunks. The total thie for the switch to reccz•e,
execute, verify and respond is approximately 30 m-acroaeconds. The corna
logic interfacos with the ATEC processor thr.org an input-ottput chhýel wxh
16 data bits in each direction plus associated strobes.

The group switch control is ..tnctinly very similar to the cL--ea.
DCI patching switch control described abov'e. The interface -vIth the ,nro.e ?a
the same, and the same type of ins.ruction and res-pazne Is emnr.'- • ?ic-z
the crosspoints are relays, tk--e method of actuation Is much moie like_ the X-Y
relay control (see subparagraph 3.2.3.4), than the solid otude c~ro ..- A-
Datch search is not ueceesary because the blocks in the group -itch are
enough to be non-blocking square arrays.

3.2.4 Patch Facility Configurations

With the preceding component and fmlc&lon de-scriptios serv-ng ass b"-••-
ground, this section will describe the four patch. facilities, with te aid of
gramls.
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2.2.4.1 CircuitPatch

The circuit patch facility is iliustiated on the left side of Figure I1 showing
one typical 4-wire circuit. This circuit can also be treated as two ii-dependent,
oppositely-directed 2-wire circuits. The patch bay can function without the patching
switch, and indeed is quite likely to at a small ATEC oe'ter where the cost of
electronic patching is not justified. Furthermore, not all circuits that pass through
the patch bay need to be routed to the switch as well: selected circuits of low prior-
ity and/or usage can be patched only by manual means. The switch however,
cannot function without the patch bay, since the relays therein (K2 and K4) route
the circuits to the switch. Electronic patches are constrained to L-'o-E send,
L-to-E receive, and L-to-L loophacks. The monitor and test trunks are routed
to consoles as shown in the illustration. Reasons for selecting the particular
configuration of monitor and test trunks are given in paragraph 3. 2. 5 of this section.

3.2.4.2 Primary Patch

The primary patch facility is illustrated on the right side of Figure 11
It is used in conjunction with the circuit patch to provide manual patching of line
conditioning equipment and to provide an automatic monitor and test capability on
both line and equipment sides. Since conditioning equipment is not electrically
patched, there is no need for the remotely controlled relays (K2, K3, and K4). The
typical circuit shown is 4-wire, but, where necessary, it can be treated as two
2-wire circuits. This would also be the case when 6 or 8-wire circuits axe to be
patched; the signals in excess of the send and receive pairs are patched through
adjacent 2-wire paths, thereby reducing the total number of circuits that a primary
patch bay of a given size can handle. Reasons for selecting the particular configura-
tion of monitor and test trunks are given in paragraph 3. 2.5.

3.2.4.3 Digital (I)C) Patch

The conftguratfon of the DC patch is very similar to the circuit patch
(See Figure 11). A significant difference is that the typical MIL-STD ] 88B low
level DC circuit is one-wire single ended with a carefully controlled common ground

return. This signal is carried through the jacks on the tip. This characteristic
makes no difference to the digital patching matrix, because it switches all signals
single ended. Since DC send and receive may have to be switched independently,
separate matrix paths through the matrix must be provided, and one direction of
the crosspoint circuit will not be utilized. Some digital signals are, however,
xccompanied by a clock signal, such as that which is associated with a modem.
When this clock moves in the opposite direction of the data, as in the 'crar'smit
side, Lhe otherwise unused path through the digital crosspoint can be employed
b-Icause the signal and clock are switched together. If clock and data move in the
same direction, as in the receive side, a parallel matrix path must be employed.
The clock signals are carried through the jacks on the ring.
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To maintain standard hardware the relays in the DC patch bay will be 2-wire as in
the other facilities. So when a block is present, a complete path through thei patchbay already exists. The monitor and test trur!Ap also operate in a single ended

mode, and are integrated into the controlled groui'a return system. Send circuit
f: termination, will be biased to present a mark hold level to the circuit. The trunks

are actually 2-wires, as in other facilities; so the clock signal can also be monitored
and tested along with the digital data signal. Reasons for selecting the particular
configuration of monitor ' .ost trunk6 are given above in par-agraph 3.2.5.

3.2.4.4 Group Patch

A typical receive group patching and switching configuration is illustrated
in Figure 12. Multiplex receive groups are arranged into setb of 10; two typical sets
are depicted. These sets are interconnected by iiirks such that the line side of any
one group can be connected to the equip.ment side of any other group, and equipment
to line as well. There may be any number of sets of groups up to 160; the figure is
shown for one of the largest anticipated facilities. The KI, K3, and K5 relays
function the same as in the other patching and switching fac9 ities. Relay functions
K2 and K4 are merged into the relay switching matrix. Send and receive sides are
switched independently through identical 2-wire matrices; the receive matrix, shown
in the figure, is therefore identical in all respects to the send matrix which is no-"
shown. Both matrices are actuated from the same, common control unit. Bo-'use
the switch Is a three stage array with limited inter-stage trunking, there is a finite
probability of blocking during periods of extensive patching.

Because of the group frequency band, it is desirable to place the switching
hardwa~e ns close to the group mux-demux and chamnel equipment as possible.
Consequemly, one complete 10 group submatrix set, along with the associated patch
panels, anci local control, will be packaged in a 19 inch rack mounting assembly.
This assembly can be installed in the same rack as the channel and modem equipment
it serves, if space is available. The signal interface out of this assembly nonsists
only of the intxrconnect trunks A, B, C and D. The interconnect submatrices, plus
the common control logic, will be contained in a separate nearby cabinet. Two
master gr, .ps, each with its own power supplies (for redundancy) will be contained
in one cabinet. The control and matrix hardware is modular, and can be equipped
downward for less than 160 groups, in increments of five groups (usually one
supe rgroup).

Automatic send-receive patching in one group is not provided, primarily
due to the problem of connecting group-through filters into the loopback. Monitor
and test tr*unks are not included for reasons given in paragraph 3. 2.5.
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3.2.5 Test Bus Configuration

The overall test bus configuration required for ATEC is shown in
Figure 13. Tefst buses are provided only to the circuit, primary and digital (DC)
patch facilities and not to the group patch facility. The wideband group signals
are at relatively low levels, so that any attempt at remote monitoring and testing
would require cabling of such lengths that would introduce excessive noise pickup
and insertion loss into the signal itself. Therefore, group patch facility test
buses ar- not included in the overall test bus configuration for ATEC. Monitor
access will be required and provided at the group patch panel, however, to enablemonitoring and testing to be perfornied by maintenance personnel.

As depicted in Figure 13, the monitor and test buses from each of the
circuit, prinary and DC patch bays will be connected through separate matrices
to the quality control and status monitor console positions, and also to separate
channel monitoring equipment. Selection of a particular monitor or test bus,
for connection to a particular jack appearance and further connections to the con-
sole, will be made througn an instruction generated by the processor upon command
from the console position. The operator will then be able to connect the appropri-
ate operational test equipment for whatever monitoring or testing is desired. The !
controller will keep track of which test bus is in use, so that if another console
requests access, a test bus busy response wi' be nrovided to the console request-

ing access. The processor will also control the operation of the separate channelmonitoring equipment in a similar manner.

The buses are configured for separate functions so as to minimize the
probability of a console's getting a busy indication. Each circuit patch bay has two
separate monitor buses for line side terminations, and two moie for the equipment
side terminations. In addition, a test bus is provided on the !ine side for breaking
into the circuit in either direction for insertion of a teat signal or other transmit
device, such as a VF channel multiparameter test set transmitter. A simliar
test bus is also provided on the equipment side for break-in and insertion of only
the receive side path. Termination of the broken path is provided upon actiwition
of a test bus. A separate 1000 Hz bus is alsc provided on the line side for break-
in and insertion of a standard test tone in either direction. One of the monitor
buses on the line side is reserved for use by the separate channel monitoring
equipment, to allow for automated testing under control of the processor and to
prevent interaction between crnsoles and automated test functions.

Monitor and test buses similar to those described above are also pro-
vided in each primary patch bay, except that the two monitor buses on the line
side connect to only the receivi, uatl and the two monitor buses on the equipment
side connect to only the send path. This provides for source signal monitoring,
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which is all that is actually required at these points of the circuit. The reason
that full capability was provided in the circuit patch, for the test buses to access
both paths, is that more testing and monitoring will be performed at th-s point in
the circuit by both manual and automat,:4 test equipment. The ather exceptions,
from the circuit patch, are that there is no 1000 Hz bus in the primary patch and
there is only one test bus; It is located on the equipment side for breaking into
!he receive patch and for insertion of a test signai. Termination of the broken
path into its characteristic impedance Is provided upon aetuation of the test bus.
The reason there is no test bus access on the transmit line or equipment side :is
that all test access toward the ,ser will be done at the eqial-level circuit spatch.
The test bus in the primary patch is to be used primarily for tests of the line
conditioning equipment.

j • Each DC patch bay, as shown in Figure 13, will be provided with m-oniLor
and test buses to perfoL,- all testing funcmions normally available a! a man=a! DC
patch facility. Two mor;tor buses are provided on the equipment side t-.ansmit
path, and two more moaitor buses are provided on the !ine side receive path-
This again, Pus in the primary patch, provides for source signal moni1orin
the- reby allows for monitorirg of signals on a back-to-i•ack rp.tch. in 2,dition to
normal monitaring functi•ns. All monito--ig wil be Ln •ralielwith wr resi3-
tance intmit devices oi greater th• 6000 ohms with a design objective of greater
! 7-0 W00. ohins, in sewrdance with NIIL-STD--I•8B. Tins will he do.e b ec2se

the digital signals themselves wil! be low level, 6 v-lt & -1ar, in accort'ir with
MIL.-ST)D- 18B, paragrap 3. 2. 4. Is. 1. Tie digt al sigriall cui,-is x: .e Le -
wire with con.-ioied earth ret.-n, so týha& me m-onmtor fmt_-c iri.ll ,-'y need to I
access the tip circuit for teletyp.-ew--iter ch•Pel monilorimg_ Hove-.r, the _rg
circuit w•l- also be zz-essed, since it will be used for clock sig1v data cir-
cuits and. pra'isins will be -.zde to zs Le-ivly m-_ito-r the tip and rizg a the
console positions. This alo that the re- . -2-la ceszs a=_ s.-5tching --- rix
circuirr. will bee esszenlWy the sen.ie for all a -acili.is, thzi m for a
sta .xrdized •rrngemen = and : og-r-g•.z--ions.

Thme test bas-_ in the DC r-tch bays pr ia-r b•rsak-iz and" .
of a test siz.nj!, s-.ch as a hNt e,-ror rate test "r.n..-er a=taz, or a h_•'ey ,-ard
of a telezpiz-.t.~er set. Two t ba xses are ona~h e, fcr break-in ci ntse
eqr.a--; sid.e ,ecexe -miim a e c for b.rt-k-in =t -hr side ==•.. = :- -s.
in 'd~f..nFOX te.: bas-es, be- ,:t~e o [:z inseztiý at
tycew.rit~er test firz~~o=~ a so::on saU t~etE, Onesg e-"r te FOX7%
tetsi will be provided ona the e .re~SEde receive- =21 =d -S :he e ~idee

-rr-°n~ ~ ThI -" __

-h .---- ere -'a; --• re es c-Z FOX F---. ea45 h_:=_1d Z
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c. External device control data (step pulses, to advance scanners
to the next plsition, and to reset scanners to the "home" position).
The interface unit is required to: decode a single processor
originated instruction and generate a reset pulse for all external
devikes; decode numerous processor originated Instructions; and
generate a separate advance pulse or a sejr.ra-le reset pulse for
each of the external devices.

d. Full-duplex teleprinter data (ASCH at 75 and 110 baud) for local
and remote telemetry and scanning devices/circuits. The Inter-
face unit is to add/delete start-stop pulses as required.

The quantity of each of the four types of information trans•er is de-
pendent upon the number of external devices implemented at a given ATI'AJ
facility. Modularity of design is required to permit expanding the interface
unit. to accommodate the expected diversity i' s!-ees of ATECF. All external
devices interfaces are to be standardized to conform with MIL-STD-1R8B, low
level. The interface unit is to be compatible with the input/output chara.lterls-
tics exhibited by the processor employed at the ATECF.

3.3.1.2 Processor Characteristics

Certain characteristics were identified as requirements for the pro- j
cessor to be used in the processing subsystem of the ATEC facility. These
characteristics are:

Characteristic Reqmt. Comment

Memory Cycle Time 2 As A two microsecond or better cycle is
common on today's small processors.
Memory cycle time ia a key characteris-
tic of performance. Cycle time, when
combined with address field and number
of operation codes, is indicative of
execution timing.

Memory Word 16 bits A sixteen bIt word length results in

Length sufficient size for operation codes and
address to provide a reasonably exten-
sive complement of instructions and an
ability to address directly a large seg-
ment of memory. A large complement
of instructions will conserve memory
and result in faster program execution.
A large address field means more mem-

ory is directly addressed with a resultant
lowering of execution time.

j• 133j-I



Processor Characteristics (Continued)

Characteristic Reqmt. Comment

Memory Size •2K The maximum memory size puts an upper

limit on expandability. The minimum
memory size, while not as criticAai, points
to Z`exibllity and cost-effectiveness for

small instalations. A small increment
of memory size permits expansion in
small cost units. Therefore, the mcst
desirable combination -f size characer'-s-
tics is a small minimum memory, a small
increment, and a large maximum.

Parity Yes Memory parity checking permits immedi-
ate detection of tyansient or permanent
memory problems before these problems
have an opportunity to propagate them-
selves throughont the system.

instruction Length = Memory A memory word length off sixteeu bits bas
Word Length been specified previoasly. TI-e instruc-

tion word lefgth should be equal to the

memory word length fcr compatibility
between data and instruction words. The
advantage c-1 a relatively large wcrd
length In permitting a range rA operation

codes and extensive direct-ly addressable
memory is discussed under ýMemory Word
Lengths.

General or A minimum of two accumulator registers
Accumdlator is required to permit a variety of shLA
Registers opefations as well as double length arith-

metic operations. A greater number of
accumulators (or gee.ral registers that
may perform accumulator fm•x.ions) per-
mits greater flexibility to the_ programmer
to increase execution efficiency thrcegh
fast register-t-o-register operatiozs
rather than r-a-tively slower memory
transfers.
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Processor Chi mcteristics (Conthmied)
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Processo Char,.terictucs (Com±frm)
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Processor Characteristics (Concluded)

Characteristic Reqmt. Comment

Instricticm Times than 4 microseconds. Wlbile Whs time is
(Cochlued) not eritcal to the internal processing of

the operational program, an add or store
t tL-ne greater than 4 microseconds shouzld

serve as a Wrning.

Fixed Poict NOMe The mafin requirements of the ATEC
1~j'Dvkieoperational programs wiall be for logical

and data mnovement eperaticms. Lack of

Filating poiynt i'r- fized point- multi~y/dhride or floatingI
Arifrn~etin point arithmetic will not mate rially

degrade performame.

3. Pr,-ram sarnctnr

T1his Techaiczl Cectrol-related application requires use of Gn-line and
re~l-timze techigne for data pztocessin,7 Pro ranimin is expected to be per-

Zorred msm relocatzb~e tssmb~eer language, in carsideration of a large volume
Of tabila-r MSorrnatiouZ 2nd the haMfilng of bit-flelds in its operation. A real-time
rmndlar £x~c~tt-.Fe Roc~tAre and Applicatit= Program Modunles are to be developed

forfb- roe-=gSabsy-stern. Thirecomede modulal strncwe of zhe oper-
at =loograz-s is deitd -?guzre 5

I - Recxt±ise Hanti~ is Eit?* pro~girm section which cmd~rols the se-
neeof calts ior serr-ic of tl- vzrions cperational aoolictinn program modules.

_.h em ec ~ flb &i -cL re - not necessarily sequential
_mncEde razo furctks. Because%- of the dhwers-&y of intezrfaces, tbhe execa-

tm roain mme bh.-e avwiulazfty. 77be executive wilil call each ftnction module
as a cloWs:= b-atr-ti. at cap-letics. executive will step to the next eligible

!-eExecative c-nwilcns oa scie-er/disrza-tcher nc--lkle,
s==xý wid bN- rmodmies f or an inte rnal #A-ack, for start.-zip and f or recove ry, zmd

-a-ill uind~e other seiwarz-e Imnler:- modulss for nmtrLx controls, communica-
tio= lie Ci~ks or-sca~er ctmarols, tape devices cottrols, disc controls,

~tdcrotls, teleprintler cantz-olls, and display controeLs.

Atpimtim-ic program mr-cwdles arre requiired to Ls developed for each of
~a~or~r ~ E=&Ag nncis: Seasor Prrocessing, Operator inputs. Matrix

Co~rfr;i. Ac2.. k,5Agneu~s-, Q-ries, joraig Messa~ge Generation., Status
Vtdzte, Dis-piay lpria-tocas =id Othe r 0.tixrts akxply.
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3.4.1 Console Positions

From system analysis devel¢cped in Section MI, ATEC System
Ceepts, the types of console positit a have been defined from functional re-
quirements as:

a. Status monitoring

b. Quality control

c. Central control.

"The status monitoring console position's primary concern involves the functions
of equipment, link and circuit monitoring. These positions handle routine problems
of operation and control. The number of these positions will vary with the size of
the ATEC facility; typically, one for a snall sit', two for a medium size site and
three for a large stEO on, The quantity can also vary with the number of high priority

circmits, thereby malcing tVe number of positions a function of the operational
requirements of a particular facility

The quality control position evolved from requirements in DCAC 310-70-1
for quality monitoring of circuits, channels, links, and equipment, on a schbd-
uled basis, to assure performance of these items. Typically, there will be only
one of these positions at a large :.TEC facilfly. There may not be a separate quality
control position at a small or naduWr siL•. site. This function can be combined
with a status monitor position and will deprnd upon tb'i operational requirement
of the particular station.

The Central Control prsitio, encorpawsmss the functions of both Central
Control and system status monit rrg.• This is fi r-tpervisory position and the
Central Controller directs the atAornk of all other controllers, from tUis console.

3.4.2 Statils Monitoring Console Position

The display and conroi functional requirements for the status monitoring
console positien will be as recommended in Section XVI; namely, (a) static refer-
ence file, (b) interactive terminal, and (ce selective hard copy. In addition, the
position will also be equipped with operational test equipment for normal Tech
Control test functions and a teletypewri ter set to be used for orderwire and moni-
toring purposes. The operational teFt equipment will provide the capability for
both analog and digital testing s9nd monitoring when the ATEC facil'ity has both

tvpes of circuits. A typical status monitoring console position is depicted in
Figure 16. The sit-down bay position, In.the center, is the interactive terminal
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vi lor zm x pez!a~eL -: e26&* to asaiected ojperati~aL, SU~PPOi
2=dn --- ds jýofie. vMl t),_ reohfrdva5 f-&- hterc=~ sabsystem.

j~ vkend teý yý-~te o.-derbXS rewl raqaLxe access by the
o ~ =2zM Z~d C!T A d slce cperaU~aiOl 2nd rspr

*iU~~~'s,~ _Y's , ~ie and seeted u-sers. The cosolei
Vr 'uif -reqZre a M= fCw 9elCtbi'g an~d Sigr~lt, s3nd beirg signled

br, re =ace i~s A memanst aLso bO Pr~vlided to select Rcoass tO
=m cc r~e =C=- t e rll r Wdrvirms Uz-c selectLýi fth 40*Secaoe

c~wixM be will be to a te ,ew-te, at th-- conisole posatin,
'rt a aUEa z rzte cce'exte 'wic w ,iprvde oq~npztHbltty for operalirg

Z~r Cf dr, 7 bzese~s. code ased for crderwires SbcGUl covd'ure
tý bee -'e B atIErY gai Alt- ~ i2, ,IA Arnei-icm Venaio!, tMe

!e~ t= t Emr a3- tele~yý'-it m znhims, mxw lza use for ordcrwires,
;2: 2ti cEede. zndd resp)acfýrg i axitstg mac21znws wi~h ASCI (Amer~an
SZ3 d Cc&ta. _ b-o ýý±icmtezcý ) teleprinters Is wt cost-eff ective.
There &,, bowrzer.z a re =-ivr , to tweift±e camrec~ion of the ASCI mnachine,

e2± e eccrs&e pasff~n to caIiors '-iiich may have I-SCII terminals.

Ibe stzims informztzmo for tl~e ATEC facilirty wiLl be contained in the
ý= sza,-,e- . his cbttz sto-rage will causist of randcm access mass

s~~e and z ý~~ t~pe ==asporzts which will accept inform-ation generated by
the pxcces~sr an-d the cscale coramtors. By themselves, the ind~liidial pieces
dF imbr--c;xa a= wt classified bat the entirs store, or for example a report

Gm omt~pz, Ii± &fluznes, system flreetc., could be ecmsidered
zs casifie.d infornmztkm It ccxdd be ccassidered clasdif led because it presents
a coicnnpbca of czr-b'iiy amd effeciveness for a mr~ tiulr facility and/or the
macm:i1 c~rrzn-mcatic!2s systems. This information. is allso volatile b~IL, taken

±1 I~eZ ines, a historical record could be built up to determine which tele-
ic - systems are the most troublesome or vulnerable.

-16 prsm TC'fV s do not, by and large, have a general service tele-
t~-rtertermiral installed for transmission of DCA and O&M report,' The

reportS arM qenerated, typed on message frns sge fby- __ ___

relezasirg =t~hsrities and bandcarried to a message center. The ~nes .ge center
=zy ne in the saxne bufldhig or elsewhere on baE.e, This lis a cumbe- ;cme and
tedicas irethod for generation and tranismission of such reports. 71 ATEC
facility, in order to generate aid transmit timely reports, will requ~re ani
AUTOD~i Modie II termhinal. This terminal will provide a circuit to the m~ irest

7I AUTfO-r switch for rczfting of the reportts to the proper agencies and offices.I
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The reports wvrmD be composed and generated by the Centra; ContoI poI -tion which will obtain the proper data from the tape transport stores and, using a
stored report format, generate a hard copy and paper tape copy. The hard copy
will be used for gaining release of the report for transmission and for maintinhibg
a file copy of such reports. The paper aewll then be used for rnmitttingthe
report 'Aa. the AUTODIN terminal. Th~is method of hmandlfng the transmission of
status information will also be adapiable for any size ATEC shice The speed ofl
operation of the AUTODIN terminal can be selected to meet operational irquire-
ments. The AUTODIN terminal will also provide a receive terminal for direct
itceptilon of messages irom DCA and O&M ag&aeles. This again will enhance
the ATEC operation by timely receipt of operatloknd direction messages,

In addition to all previous requirements for coordinazion, tbhrm will
exist a need for processor-to-processor coordination. This coordination will be
necessary f.)r passing data information concernli:g link, trunk and circuit outages:
restoral. action such as trunk and circuit reroutes; and normalization of t7 mks
and circuits to their assigned profiles. Thh, information will be used to provide
a near real-time data-base ulpdate for ATEC~s ao that any contemplated re route
via the station reporting an outage will take into consideration the cowdition of the
links, t-runks and circuits at that time.

3.5.3 Orderwire Recording

The hard copy of orderwire teleprinters has long been usedi to provide
a record of events and as backup information to stathci op-,rating loss. This
practice will be continued- in the ATIEC facility since it is much more cost-
effective than providing digital magnetic tape recorders as separate paper tape
monitor banks. The teletypewriter orderwires will have, teleprinters on-line
continuously for each orderwire circuit. These teleprinters will be located in
the area of the ditgibde (DC, patch bays to enable th-eIr beingw sc~anned by Tech
Control personnel at the patch bays and to facilitate station. operation in a fall-
back mode.

Voice orderwire recording will be accomplished through the use of
magnetic tape recorders. Section XVIII in Volume H1 recommends use of multiple
track tape recorders In large and certain medium-sized ATEC facilities and in-
dividual dual-track tape recovn'ers, at each console position for small and some
medium-sized stations. The system requirements for voice recordiig in an
ATEC would not require the use of multiple track tape recorders since the voice
orderwiros are not critical in the respe~t of air-to-ground recording of all trans-
missions. In addition~, th requiremients for standardization are better fulfilled,
by provision of Individurd cassette-type, dual-track, tape recorders jr each
console position. The dual-track recorder would store both sides of the conver-
sation on one track and record the time, by the minute, on the other track.
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The tape rscorder -ould only be activated upm access of the orderwire by the
ope3 tor-, L e. the off-hoo condltion. The caav~aea shmod be replzeed at the
start of each shift and during each shift as required- The cassettes co-td then
be marked with the date, position and operators and then stored In a centralized
control arem. This method of recording would allow immediate selection and
review cf speciffi stored information or sevents by selecting the proper cassete.
After a predetermined period of time, such as one or tw * weeiks, the cassette

could be reused.

Recording of processor-to-processor transmissions should be pro-

vddby inaIntatnl the hard copy printouts of such data from the high speed
p--.er, or historical records maintained by the processing hardware. The
Central Control operator would be respcnsib!e for review and release of the data
amd a fast. printoat record can be. m'de and stored for an appropriate period of
M~me.

3.5.4 Orderwire Subsystems

The reocommzendations made in the study ta.k on '" reletypewriter and
Voice Orderwire Systems and Equipment-," Section 'KMII in V7olume H of this
re--port. have Ideati led four orderwire subsystems io be implemented for the•I• .. i AT~~~~EC sy_ stem. The fcar subsystems are: (a) Inter-ope,()Itf-aiiy

i ~C(c}- inteesite, and Ad Int. ra~Uk. The following paragraphs summarize the func-
tional and operational requirements of these subsystems and include consider-
ations developed as a result of system analysis.

a. intercomplex

The i-._ntompex orderwire subsystem would extend existing
express orderwire networks in one geographiclc area to similar
networks in adjacent geographical areas, through use of existing
inL-rarea orderwire circuits. Where such interarea orderwire
circuits do not exist, the AUTOVON network would be used. This,
therefore, requires that the ATEC facility be provided with one
or more AUTO'VON user drops, paralleled at the console positions,
depending on operational requirements, to augment the intercom-
plex ordervire subsystem. This capability will erhance fault
isolation and correction.

b. intrafacility

The intrafacitity orderwire subsystem would provide intercom voice
service to important locations within the ATEC facility, to collocated
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fifites, wnd to nzrb o~Ies 2nd f~flhiies, Me Off hae==
will. facinate sat-dowi console cpexz±A= bqy PxmRm the e~soS
tierthors %itM ca== - __ alcs to fw qtpe=53, rrn_-

e, ewiljxent, superiliso~ry and sqypot =ares wdi±-n xmd
aruln the ATEC ftZHILY.

e. Intersite

The intersite onirdr~ex- subieyatem. would combbwe ",i dedi=-ed
voice amd nwisecure ypewrlte? czdezwires to ezable access frona
the console poslitins. Thlese daldicated orderrlres clon~t t& OM
muniuicatkws sites such is: BF 11raas-_Atter and Receivez sites,
LOS and TROPC) sites, ComnnrcI4 Conmmo Carriers, and. sib-
ordbinte TCFt s and PFrys. The orderwires to these sites may be
voice, or teletypewriter, or both; so that the ATEC console oper-
ators will requirie access via app~ropriate teminal devices. The

the intercomplex orderwilre subsystem. This feature should be pro-

vided so that the consolle operator makes the desired conniectica and,
in turn, has override capability to access the comnnectbsd vvderwire
when necessary.

d.Intralink

The Intralifik orderwire subsystem would extend existing link
orer~fes from LOS and TROPO radio equipment (when in col-
lo~?ated or nearby areas) to the console positions. In addition,
other link orderwires such as HF voice and/or nonsecure tele-I ~typewriter orderwires and orderwires on cable circuits would be
combined for selective ancess by the ATEC operators.

All orderwire circuits will be required to appear in the appropriate
patch ba-ys to enable patch-through capability and also for testing and reroute
action if necessary. Duplicate terminal capability should be provided at the
patch bays to facilititate operation in the fall-back mode.

In addifition to the orderwire subsystems, the console operators in the
ATEC facility will require access to the local tellephone system. Onee or more
subscriber drops should be paralleled to the console positions. This Is neces-
sary 'because there are usually *a n'Amber of users which do not have orderwire
capability and, therefore, wiLt -_,tact the ATEC through the local teephone
network.
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is bxt as.tohzeb- sine tio-' eq -•ip~e r is e sa=i.•l am" &;
arft sbceld Iztzen rempo edrzbyi. , t dza.ive a rs er z krrace =nd eho

sGpee ode. Setha= MiX, ro ne Cpietaxing, in V nire IL pn r ido e t s-e. Torsis
of sta$t-acfi-e-art rztds 2med in ate Mule it msi"y be eined
that auth atic lire cs wo oning eo ipraett L5 essentLC. ql yo esireb in tiLe th e
facinty, the results of the e mzodeatos are tIst antenmtic lime cu tiloen1mf g is.

at present and in the foreseeable From aystemi eit, mar cT-C,
ideaeihve. The use of fatatii equalizers is now only a realizatim-ana fiewn2
types of modems - those which provide for pcration at tet , or -rob s72n,!.
960A bps. The design of the nicomlli ey =.ezer is i negotal •tih Ube mot laroud

or elgial plan hrmplwyed by the modem. The pmacturers meaking these hig
speed modems nave heuir own proprietaiy t esigns and no tions are the same. To
make use of automatic eouadgzatlio at an ATEC facil rwvod therefore infer

that the modems wond be' located at ihe AThC. Hpowevern this Is not thequalizae
in the paecht sitrlat cili. The modems are located at the user ternain!s and
provide for end-to-end oi~alization. From a systems stuindpaint, the ATEC.W
ideally, should have the capability for provio autowmated equalizemr s on dnonels

which could be automatic-ally set upon ~Pm.iicaiion of a test or probe signal.
Aliune ti stcncal fe-vI isnt ooet-ffecvesincz twould

involve new hardware desto gt and development. he presente methprd af tr tes
set wcotnentioning equipmenat, tcertainoblem municatio w al l at a tech
control facility, coald be greatly enhanced through introduction of n ultiparameter
os set. The preponderant problem with the present method of providing equaliza-
tion at a tech control facility is that the devices bave limited compensating capa-
bility and the tech controller does not know how much harm or good is being done

tthe signal in question at an atclr oet hl the miultiparameter test

controller with a valuable 'tool 'to be used in channel Investigation and, !-- the case
ofquality control, to provide assurance that the channel Is meeting established

specifications and will do so in a few minutes rather than in the 10 to 30 minutes
now required for testing.
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It slh•.Id be clear from b e dfo0 a ý---oa t_: a cemrs1 ctc.,.• i rwM
be L-trced s-olely io ATEC _e. ieo- frec,-• -r and ti -e 2c-- are
required for an ATEC Eacilit- in suh ec•_i- as distor2 mneasarig sers.
trnsmiss!ou Masuri test sets, VY c Iazsel 2•al:•zera. ' brnl break ou
monitors and other similar monitoriag and tesling 6e',ices. It is nesry, also,
to include a real time clock as a .ow-rce of both Zulu time and local time for pr&-
cessor use as weH as for use b .c~eratioaal .rseonel in time agging =d legging
nctivities. These various individual sources w-I. sýA~ce iW accuracy and stability,
but ran be slaved to, or repL-ced by. outputs from the central stati-on clock-, wh-en

it is added as a result of comnruni-cations recuirements.

3.6.3 Standardization arid Modularization

The contractual requirement for standardization and modularization, in the
A.TEC -faclity, is quoted as follows:

"Standardization must include the standardization of functions
and parameters as well as equipment. This does not mean
that the same quantity of equipment will be placed at each
Installation, but rather that if a device is required, it will be
the same device everywhere, performing the same functions
and measuring the same parameters. All equipment and
consoles will be modularized for all tech controls. In addition,
modularity, like standardization, must also be considered on
a functional basis. For example, at large complex facilities,
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coodir-atien ard comzro) laitii users of cornmni ~catic serricies (bn-inomg- AV-700-Di
and ALUTOOD\' and with sites vrovidirg telecommanicat~os me-& ia ' 'i ndg WOS
microwave, trx'posphexic statter, s elitee-rh tr~. ~ cii
loca! or remote HF transm-itter and receiver sitesM,. Cv ordinztion and control,, with
any of these rmxny types of faceilities, req Wires that operational functions be standardized
in the ATEC facility to enable the operators to view thn users and communications
liniks as a network. This network handles a variety of circuits and signals with
differing prior~ties among each ty3,pe. The present tech control facilities have

r standardized handling of the circuits by logically dividing themr Into digital and
audio caegorlFes and placing minimum performance requirements on the comnmuni-
cations channels. The ATEC facility continues this standardized method of treatingI

circuits and improves up-on It through use of automated and modularized equipment.
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Failures of a specific sensor, or of a group of sensors (by virtue of
failure (A r common module), willl only afcthmoirngof a limitedntumber of

failure ofthe sensors will not affect the eqaipment or signal being monitored. Also,
a certain degree of redlundancy exists relative to monitoring; e.g., circuit monitor-
Ing will also detect most equipmient failures, although less effectively. Similarly
the failure of a single. scanner or analyzer will only affect the monitoring of those
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'11e V re Lrem±e for the ATBC facilty incude: electrical power,
vt 0 MS, electromgnetic compatibility, raining, and quality

zssr-aMCe Vr~iszo-. The follwirg paragraphs provide the requirementa for each
d Vtese topics and tber relation to the ATEC facility.

3.7.1 Power

__The cctw= revirement for the ATEC facility electrical power is thatthe sytste is to be designed to comply with the criteria of MIL-E-4158D. Para-

graph 3.2.3.2.3, Electrical, of BIL-E-4158D specifies, in attendant subparagrapha,
rereme-ts for electrical power source and equipment design considerations.
Since the ATEC facility ratrst be capable of being installed at military sites around
the world, the requirement for AC power source voltage must be adaptive to existing

elect power at these sites; whether commercial or base supplied. The require-I • for AGC equipmet operation will usually be 115V, 10 but to establish bounds
for equipment specIfiation purposes te requirement will normally be stated that

* the euine s to jorate on Ii5V, + 10% If, 50 - 60 Hz, + 5%. This is in llne
with moit commercial applications and off-the-shelf equipment; however, the
Individial equipment specifications will still govern and an analysis must be made
at the time of procurement to decide whether a different AC operating voltage
cbaraeteristlc is justified.

For the ATEC facility, which will include electronic equipment, data pro-
cessing equipment, mass memory devices vital intercommunication and orderwire
terminal units (including crypto for secure teletypewriter orderwires), and tele-I metry termirals handling and controlling remote terminal units, it is imperative
that uninterrupted operation be a z.-uirement. This requirement can be met InI several ways. One would be to build-in the necessary uninterrupted power genera-
ting devices, (I. e., rectifier-chargers and battery banks) as part of certain
equipmeat. This would satis'fy the re.ruirements of _T._-E--4158D, but does not
satisfy the requirement of uninterrupted operation for the ATEC facility as it is
functionally conceived. Another consideration is that some equipment requires
AC power exclusively for operation so that use of battery banks would not sufflic
in these cases. The best method of Rssuring uninterrupted operation for the ATEC
facility is the provision of a uninterrupteV (no-break) AC power source to supply
the technical AC power load.

Many major TCF's (and therefore candidate sites for ATEC facilities) now
have rotary type no-break power units installed and supplying (or paralleling) the
technical AC power load. For these sites, an evaluation would have to be made,
by a field survey, to determine the acceptability and capacity of the no-break unit
for use with the ATEC facility to be installed. For TCF's which have no uninter-
rupted power source (or the no-break unit Is found to be inadequte) an AC-DC-AC
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conversion no-break unit is recommended. This ,miutef-rupted power system con-
sists of AC to DC rectifiers, fed by commerci~l or base ,o-er, feeding (in parallel"
a battery bank and motor-generator sets for DC to AC co,•v rsion. The AC is then.
fed to the AC tech power panels within the ATEC. This AC -,o-break system Is
the most reliable kaown and would give the ATEC facility at least 15 minutes of
operation, off the battery bank, upon failure of the primary power source. This
is adequate time to activate the auxiliary power generators iormally provided for
comm facilities which would then feed AC power to the rectifiers of the no-break
system until restoration of commercial or base power. The isolation of thetechnical AC power load from the primary power source, through the use of bat-

tery banks (which may be considered a static flywheel) Rlso satisfies the require-
ments of MIL-E-4158D for operation through periods of primary power fluctuation.
This also means that commercial off-the-shelf equipment can be used in the ATEC
without imposing costly redesign to meet the rigid specifications for transient
state, power interruption and power outage.

Consideration must also be given to not only operating under the conditions
mentioned above, but also to knowing the condition of the primary power source;
i. e., the primary power service delivered to the ATEC facility. Monitoring will
be required for voltage and frequency of the primary power to detect variations
which might cause other problems. In addition, monitoring of this type should also bedone at remote and local sites providing telecommunications media. The effects of

primary power variation on HF, tropo and LOS radio equipment ean result in com-
munications channel perturbations which could ordinarily be ascribed to the conm-
r.unications equipment.

3.7.2 Environmental

The environmental service condition requirements for the ATEC facility
will be essentially those which are normally provided for a fixed plant electronics
installation. The following paragraphs provide a discussion of the various condi-
tions and their relation to the ATEC facility.

The climatic temperature conditions of the area in which the ATEC ficilty
is to operate will vary according to geographical and topographical J)cations. The
ATEC facility will be housed, or sheltered, Indoors for operation and, for the purpose
of establishing a mean, a temperate climatic sone will be used as a reference.
The ambient temperature for operation of the ATEC facility will normally range
between 70 0 F (21 C) and 80 F (26. 5°C) depending on area and operator comfort
provisions. In temperate and tropical zones which will have high climatic tempera-
tures in excess oiL the requirement for operational ambient temperature, air con-
ditioning will be required. In temperate and arctic zones, or in the case of high
elevation, which will have low climate temperatures, heating will be required.
The amount of air conditiong and/or heating required for a particular ATEC facility
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wil be det--adned c a P per site bazis. Equipment design for the ATEC facility
• -a-t take the oapsmmal ambient temperature Into .ccount and also make allowance
for ooerati•i outside the normal range. Commercia1, off-the-shelf equipment is"a • 0 a0_ 0
msaas][y sp--O-ied for operation over such a range as -329 F (0 C) to 104 F (40 C.
or to 1:2 F (-0 C). Tz. &aividual equipment specifications will specify the opera-
ti: am-Mbet temperature range requirement based on equipment design and function
it tl e .TEC system.

The r ire~mem ftirrv.itive humidity in equipment and operating spaces

"h=- usznaly been set at 50 percent with an stloweble variation of + 20 percent for
perscmel - o•fort ard e ment operation. In areas of high temperature and
-ki iity, the air cordltioniig system prowidas removal of moisture from the air
""nd • lo-wers the relative humidity to an acceptable level. In areas of low humidity
andA4r low temperature requiring hearing .f the operational spaces, humidifier

Sr ~wili be rae. "red to bri:ng the relative humidity up to an acceptable lkrel.
z_ •Commercial, off-d---shelf equipmeunt is usually specified for operation over a

ra.e srh as 10 rerpen R.E. to 90 percent R.H. The individial equipment
pciicst-s will specify the operating range of relative humidity based or e.uir.

Sdesign and farct s in the ATEC system.

The re react for operaxicn at various altitudes involves the atmospheric
es--c-o t: zh-s e eleations and the operating range for electronic equipment is

no =l-Ary t,• L,--n 30 in- 1g (762 mm H a) asea level to 20.3 in. Hg (55 mm Hg)
it -. C. fe.-t This raTge of a•bz'-de is s.ficient to include any elevation at
= .-A. ;7. C -i1f y might be !cocated. The individual equipment specifications

SS•eC3 the -ati• r-ange oi a!Z"tude t!ssed on equipment design and function
dl-- AT.T:;C syv-en

Th eb- tr- be provided for the AITC fazility must also consider
Sip is a s- z i or cor- Vai-ve atxnxsphert and an euvironment which may have
S•"t'ie. im t_1 air- Also 3tc be ccisidered is prote-at.on zainst fuvgus.

The:a p.-• eS. c4~�e-.• .. tig i a cor -sive a.tmosphere or dusy environlr-nl are
X= ee- - or c --a -eper-d. 'p metal-to-meal contacts

* t a-r mn-r'. or bExame dirt c.overýd so as to prevenm or lessfn operational
Csettd. -r- 7b- ,5t nro be_ ki!t iith materi-als that may camait fig•s

- or.• m . 20 dn-er =cItri2i w-ll •ufice, be provided with- protective
0 .=ý ealosed CIE~ dkc~ se matemiis. The 1dividual eur-ment

-=c~m .swil sh=;c:.r ti, -. =iremems for these serrvine co-ditions based

-4. . •r ,s:c e • xar•s .. ;-e r-erer
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will be required to have minimal Interference generating capability to be compatible
with the ATEC facility. Electrical devices found to have detrimental effects upon
ATEC equipment will be required to be replaced with noninterfering devices; or
will be shielded or filtered, or both, to bring Interferring algnals down to an
acceptable level. The ATEC equipment must also be designed so as not to be
susceptible to normal radiating signals from other equipment or sources in the
ATEC facility. Electromagnetic compatibility requires that equipment, which
is connected to make up a system, neither generate nor be susceptible to inter-
ferring signal levels. The equipment must operate satisfactorily, not only
independently, but also in conjunction with other equipment which may be located
nearby. The individual equipment specifications will specify the EMI/EMC re-
quirements based on equipment design and function in the ATEC system.

3.7.4 Training and Personnel

The contractual requirement for training and personnel, in regard to the
ATEC facility, is that any specific training requirements for the tech controllers
and maintenance personnel will be identified. The ATEC facility, beeause of the
installation of complex equipment and consoles, and new operational concepts, will
require instruction that is commensurate with the skill levels, experience and
ability to assimilate training that characterizes the type of operational and main-
tenance personnel presently assigned to tech control faci'Lties. Section XVII,
Human Factors, in Volume 11 has analyzed the capabilities required of tech
control and maintenance personnel for the ATEC facility. The following paragraphs
provide a discussion of specific training and personnel requirements.

The specific training requirements for tech control personnel will
concern the functions of the ATEC system, understanding of electronic data pro-
cCs~lng as applied in the A'"C system, and a thorough knowledge of console
operation and functions as provided for ATEC. The ATEC facility will engender
new procedures stemming from the enhanced capabilities of monitoring and
sensoring. The central cont-ol personnel must be able to ,m'-ke c~hng aS upt
the computer data base for both record and report generation. The status and
monitor personnel for system, link, circuit and equipment must be able to
analyze display information and make decisions based on apriori or near-real-
time data. Finally, and perhaps most important, the tech controllers must be made
to understand thad th&' ATEC systsm is semi-automated, not an automatic, system and
that the facilities provided are to enhance the tech controiler's capabilities and
are not to rep!ace them. The man-machine Interface is still as Important as It

ever was, with the tsch controller as the deciding link izA the feedback loop function
of the ATEC system.
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The following is a listing of nominal training requirements for operator
peresaoel at ATEC facilities.

POSITION TITLE FORMAL TRAINING OJT

Shift Supervisor 100 hours 3 months

Cedral Control 80 hours 3 months

Staitus Monitoring 60 hours 1 month

Quality Control 80 hours I month

Tech Controller 60 hours 1 month

The speciftc training requirements for mairtenance personnel will involve
the functional and performance characteristics of the ATEC system and of the
equipment provided for the system. The major items requiring instruction in
preventive maintenance, and In localization, Isolation and repair of failures are:
(a) processor and peripheral equipment, (b) display and control coneole equipment,
(c) switching matrices and ancillary equipment, (d) sensor and telemetry equip-
ment, and (e) specialized test equipment. Each of these may be considered a
separate area for instruction or specialization, however, all will require a basic
knowledge of solid-state and switching equipment troubleshooting methods.

The following is a listing of nominal training requirements for maintenance
personnel at ATEC facilities.

DESCRIPTION FORMAL TRAINING OJT

Electronic Digital Data
Processing Repairman 200 hours 2 months

Microwave and Commurn-
cations Relay Center
Repairman 40 hours 2 weeks

Wire and Inside Piaz
Cable Repairman 20 hours 2 weekB
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The skill level requirements, for the operational and maintenance personnel
in the ATEC, will be commensurate with those normally assigned to the present
TCF's. The present Air Force TCFs utilize operational personnel in the AFSC
(Air Force Specialty Code) 307X0 car.,eer field (the 'X" designating the skill level).
The skill level of thetbe assigned tech c;'ntrollers usually varies from 3-level for
airmen, to 5-level for sergeants and staff sergeants to 7-level for tech and master
sergeants, and to 9-level for senior and chief master sergeants. The quantities of
each skiil level to be assigned to an ATEC facility will obviously depend upon the
operational requirements and size of the station. The status monitoring and quality
control console positions will nominally require 5-level operating personnel but
3-level personnel, with appropriate OJT {On-The-Job-Training), will be able to
operate the consoles and perform the required functions (with supervision for
unusual situations). The central control console position will nominally require
a 7-level tech controller but 5-level personnel, again after appropriate OJT, will
be able to operate the consoles and perform the required functions. The 9-level
personnel will continue to perform the tech control administrative and superviaory
functions presently assigned; although these personnel will also need to know
facets of each operation and function In the ATEC.

The maintenance personnel presently assigned to Air Force TCF's are
usually in the 304X0 (Microwave and Communication Relay Center Repairman)
and 362X0 (wire and Inside Plant Cable Repairman) career fields. To these, for
ATEC, will be added the AFSC 305X1 (Electronic Digital Data Processing Repair-
man). The skill level of these maintenance personnel will vary from 3 to 5 Zo 7
to 9, depending on the quantities and types of equipment to be maintained. Normal
maintenance functions will require 5-level personnel but 3-level personnel, wih
adequate OJT, will be able to perform maintenance and repair (with supervision
for unusual situations). The 7 or 9-level personnel, If assigned, will continue
to perform the maintenance administrative and supervisory functions presently
assigned, although they will also be required to !know the theory and uperation of
the ATEC system/facility and equipments.

The following i. a t-oicai listing of nominal skil) level manning requirements
at Air Force ATEC facilities.

ATEC FACILITY SIZE

POSIVTO-N/DESCPTION AFSC SIiALL MEDIUM LARGE

Shift Supervisor 30770 1 1 1

Central Control 30770

Statas Monitoring 30750 2 3I



/
(Typical Listing Continued) ATEC FACIUTY SIZE

POSITION/DESCRI PTION AFSC SMALL MEDIUM LARGE

Quality Control 30750 1 1 2

Tech Controller 30730 1 2 3

Electronic Digital 30571 0 0 1

Data Processing 30551 1 L 1

Repairman 30531 0 1 1

Subtotals 6 9 13

Total Personnel (X4.2 Shifts) 25 38 55

3.7.5 Quality Assurance

The recognized principles of Quality Assurance will be a requirement
in support of ATEC facility implementation. In accordance with provisions of
AFSCM/AFLCM-375-1, "Configuration Management During Definition and
Acquisition Phases", Exhibits I and H, requirements for formal tests and/or
verifications will be included in Section 4 of the system specification and indivi-
dual equipment (CEI) specifications.

The requirements for QA in the system specification will include Category I

and Category H testing of system performance, design characteristics and. operability.

Category I tests/verifications will include both "n-plant and integrated
system testing. An analysis of Category I test requirements indicates that
Engineering Test and Evaluation in suppoit of design and development .ctvl...

will not be required. Formal Qualification Testing will be limited to the contract
end item level, with the exception of components designated as Engineering
Critical Components, which will be individually q'calified. Demonstration that
the required system reliability has been achieved will be accomplished by data
analysis. The data item "ATEC Reliability and Maintainability Analysis", will be

used to establish the format and requiremeuts of the data analysis.
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Category 11 (or equivalent) system testing will be defined for an integrated
test of the complete ATEC system in the final environment. Category H tests will
be specified in accordance with approved test plans developed to demonstrate
compliance with the requirements of Section 3 of the system specification.

The requirements for QA in the Part I CEI detail equipment specffl ._,ion.
will include verification of performance, design and construction. Verification
will be accor-plished by inspections, demonstrations, or tests of the r&4uirements
of Section 3 of the CEI specifications in a Category I test.

The Category I test will include all testing of the CEI required to satisfy
the requirements of the specification. Engineering Test and Evaluation to verify
interface requirements in a subsystem configuration will be included in a Subsystem
Test Plan. Preliminary Qualification Tescs will not normally be required unless
specified by the pr~curing activity. Formal Qualification Tests will include
inspections, analysis, demonstrations and tests necessary to verify requirements
of Section 3. Reliability Tests and Analysis will be performed to verify rel!ability
requirements in Section S. iV any of the components are found too critical, then
Engineering Critical Component Qualification Testing will be specified for that
item. Category H tests will not normally be required unless requirements con-
tained in Section 3 cannot be verified until the CEI is assembled into or used with
other system equipment. Such requirements, however, will be. Incorporated only
upon specific approval of the procuring activity.

3. 7.6 Test Equipment

The tbst equipment (Maintenance Ground Equipment) requirements for
the ATEC facility will encompass those devices required to restore the system,
subsystems or equipment to operating condition. The test equipment recommended
for use by maintenance personnel has been delineated in Volume II, Section XXI,
Maintenance Test Equipment. Provision of these items will be subject to approval

by the procuring activity.
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SECTION V

ATEC COST-EFFECTVENESS ANALYSIS

1. INTRODUCTION

An analysis of the relative utility of any system or process must include an

ssessment of the benefits derived from its use versus the resources expended for

its implementation. In general, since total resources of the nation and the Department
of Defense are limited, it is mandatory that the Government invest in those systems
that achieve the highest level of effectiveness or"payoff". By selecting those systems
possessi 'ng high relative payoffs, the total resources of the Government may be
conserved and maximum effectiveness achieved for a given budget.

The ATEC cost-effectiveness program was developed w,!.h the same basic goal:
to inaximize the efficiency of a given investment In an ATEC system. To achieve this
goal, a coordinated program to asses~s equipment, subsystems, systems, functions,
and station types was undertaken. Each decision involving selection of equipment
items, measurterment functions, and subsystems was accomplished on a cost-
ejectiveness basis.

2.. PURPOSE AND SCOPE

SThe ATEC ccest-effectiveness program was structured to provide for the develop-
ment of methodology adequate to assess the benefits relative to cost of implementing
alternative ATEC systems. Specifically, the program was designed to accomplish
an optimal ATEC based on maximizing the return on ivvested cap'•A.

3. METHODOLOGY

3,1 Cost Model - By ATEC Function and Site

To adequately assess the most effective A TEC functions and facility size, it is
first necessary to calculate costs for these functions and differing sized sites /facilities.
The methodology employed in this costing operation is quite straightforw-,•ard. The
equipments and systems required were listed and the costs developed in the equipment
and subsystem costing phases are merely summed and added to the cost of unique
manpower, training, and replacement 6pare requirements. The total cost by site and
function is compared with the discounted cost savings due to manpower economies and
increased circuit availability. The return on invested capital can then be calculated
on an annual basis.

fI
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3.2 Measurement of Effectiveness

The components of systgm cost have been expressed in dollar terms. To
compare the cost and "revenue" components during implementation of an ATEC
system, it is necessary to obtain an economic expression the the benefits of ATEC.
To accomplish this, the economic benefits from ATEC were derived from the savings
in manpower and circuit availability due to implementation of the system. The
savings in man hours were equated to dollar terms by assuming a wage and benefit
rate of $7. 80 per hour. The dollar savings in circuit availability were obtained
by multiplying the time saved (per circuit), due to employing ATEC, times a rate
of $8.40 per circuit hour. This rate was derived from the DOD Rule-of-Thumb
Pricing Guide for Military C-E Systeir

The essence of cost-effectiveness analysis is to compare the cost of obtaining
a capability versus assessing its benefits. This analysis has expressed beth cost
and effectiveness in dollar terms. To assess the "payoff" from ATEC, the return
on invested capital was caý,ulated by site and function. The results of this analysis,
which are presented in paragraph 4 of this section, indicate some most significant
implications for policy tow:ýrd ATEC.

The ATEC system was divided into functions in order to facilitate the measure-
ment of system effectivenesb 7. well as effectiveness of the individual functions. The
following represents a list of the functions:

Function I -

e Fault Detection and Isolation

Function 2 -

o Equipment/Link Monitoring

Function 3 -

o Automated Patching

Function 4 -

e Reporting

Finction 5 -

e Circuit Qualification and Testing

Functi on 6 -

9 Remote Stte Equipment/Linik Monitoring

Appendix i, Volume I, of this report contains the details of the cost-effectiveness
calculations. The fo.l.ing subparagraphs summarize the methodology employed iD
the detai:c ,:'.,ieulf.tions.
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3.2.1 Effectiveness of Functions

3.2.1.1 Function 1 - Fault Detection and Isolation

The results of the calculations show that the largest savings are obtained
by implementing the fault detection function. This saving is largely due to a recovery
of indeterminate outage time. This may be defined as the time from the occurrence
of the failure to the time it is reported to or observed by tech control. For DC
circuits in the present manual system, this outage time was estimated to be approxi-
mately 11 minutes and consists mainly of the time it takes an operator to become
aware of the fact that a failure has occurred. This delay is caused by the lack of an
effective means for detecting a fault on an operating eircult. For VF circuits the
indeterminate outage time was estimated to be 63 minutes. The rationale employed
here was that voice circuits are not used 100 percent of the time and for some
circuits this idle period could extend u; to a period of several hours. The dollar

savings in this area is $21.06 per year for each DC circuit and $798.58 per year
ijr each VF circuit.

The fault isolation operation is in two parts; first is a determination of
whether the failure is within the facility or external to the facility and second, if it
is within the facility, a determination of what equipment has failed. The savings
for the first fault isolatJ rn function is $40.34 per year for each DC circuit and
$125. 30 per year for each VF circuit. The savings for the second fault isolation
function Is $11. 87 per year for each DC circuit and $34.32 per year for each VF
circuit.

The total circuit outage cost savings for Function 1 is $113.27 for exch
DC circuit mid $958. 20 for each VF circuit.

3.2.1,2 Function 2 - Equipment/Link Monitoring

The savings due to Equipment/Link Monitoring Is again due to indeter-
minate outage time. However, savings are not as great as In Function 1. This can
be observed by examining the distribution of failures as they are observed at one I
node. Ninety-two percent of the failures occur external to the node, while only
eight percent occur within th• mode. Since Function 2 involves monitoring equipment
within the node, it can only be slightly more than 1/10 as effective as Function I
because of the failure distribution. The savings attributable to Function 2 are $0. 44
per year for each DC circ"it and 08, 29 per year for each VF circuit.

3.2.1.3 Function 3 - Au.omated Ptcning

The savings that can be obtained from automated patching are in two
areas, a reduction in outage tinte and a savings in the rmanpo'.,er required to
accomplish the patch. However, Lhese savings are only ava,'able when patching is
necessar, at the ATEC facility in i-2stor.ng the failed circuit tn service. An analysis
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of the information available on Fuchu Air Station yielded an average circuit of 1000
miles in length wtth 9 nodes. By as:nming that the ATEC was the middle node and
analyzing all of the possible comblaations of patching, the ATEC was involved In
patching 1/5 of the time for failures external to the ATEC. The total savings for
Function 3 are $7. 78 per year for each DC circuit and $17. 02 per year for each
VF circuit.

3.2.1.4 Function 4 - Reporting

The savings obtainable by automating the reporting function occur only
in the reduction of the manpower required to make the report. Outage time savings
arc unattainable since the report is normally constructed after the necessary
restorative actions have been completed. Since outage time savings are not a part
of the savings for Function 4, the difference in vlaue for DC circuits and VF circuits
haf no effect. The savings are $20.88 per year for each circuit.

3.2.1.5 Function 5 - Circuit Quialification Testing

There are three areas where savings can be obtained by automating this
function: testing as required as part of the restorstion; testing as required as a
quality control function; and the reduced outage as a function of increased effectiveness
of the quality control function. The summation of the effects of all of these taken
together is a savings of $76.51 for each DC circuit, and $32.j. 73 for each VF circuit.

3.2.1.6 Function 6 - Remote Site Equipment/Link Monitoring

The addition of remote site equipment/link monitoring results in some
savings that have been obtained at the main ATEC facility. The interaction is in the-
area of savings of the indeterminate outage time; that is, the main facility also
observes the failure and would react to notify the remote site. With the remote site
monitoring its own equipment, it would take direct action to correct the failure. With
the addition of remote site monitoring, savings ý,re obtained because the failures
that occur at the remote site are transferred from the category of notifying someone
else that there is a failure to the category of taking direct action and immediately
resolving the prnblem. The outage time savings for the direct action type of failures
was assumed to .e the average )utage time calculated from the Fuchu failure reports
less the time it takes the ATEC facility to restore the circuit to service. The outage
time savings for the notify action type of failure was assumed to be the reduction in
reaction time due to the Implementation of ATEC and only for the period of time that
the ATEC facility was involved with the failure. The difference between the savings
from direct action-and notify action type oi ftilures is a large percentage saving in
the average outage time. The net savings for this function will be $12.12 per year
per DC circuit and $72.64 per year per VIF circuit.
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3.3 Effectiveness of Sites

Three model size sites were established by an evaluation of 72 DCS stations in
order to measure the variation in effectiveness due to the size of an ATEC facility.

3.3.1 Small Site

The ;nodel .3mall site was calculated to contain 60 channels composed of 40 VF
channe)s and 20 DC channels, of which 38 VF channels were Ifor VF circuits and two
were for the tone side of the DC multiplex. There were no remote sites associated with
the small facility. Following is a tabulation of the yearly dollar savings that cnn be
expected for each function and the total for this ATEC iacility.

Annual Dollar Savings - Small Site

Function Savings

1 $40,593
2 340
3 836
4 1,253
5 14,359

6 ---

Facility $57,381

3.3.2 Medium Site

A medium site was calculated to contain 420 channels composed of 260 VF
channels and 160 DC channels, of which 250 VF channels were for VF circuits and
J 0 were for the tone side of the DC multiplex. There was assumed to be an HF
transrrdtter and re:ýeivcr site associated with the rdedium facility. Following is a

tabulation of the yearly dollar savings that can be expected for each function and the
total for this ATEC facility.

"Annual Dolls r Savings - Medium Site

Function Savng

1 $267,255
2 2,226
3 "5,670

S4 8 , 7 7 0
S6 t5,631

Facility $381,932
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3.3.3 Large Site

A large site was calculated to contain 1100 channels composed of 560 - F
channels and 540 DC channels, of which 533 VF channels were for VF cira-•ts S=-
27 were for the tone side of the DC multiplex. These were assumed t- be az, HFF
transmitter and receiver site associated with the large facility. Fallowirg is a
tabulation of the yearly dollar savings that can be expected for each funcrion sed
the total for the ATEC system.

Arnual Dollar Savings - Large Site

Funcrion Savings

1 $597,758 2

2 4,880
3 13, 732
4 22,968
5 220.924.
6 3,093,

Facility $863,355

4. RESULTS

4.1 ATEC Equipment and M&O Costs

The results of the analysis of the 72 DCS stati-ns --y-lded ehna-ei c.-es iez
the three size statistical models Assumptions were made relative to the rm=._ers
of links, the type of links, the quantity of connected users and the Tisty .hrc---
circuits. For each of the three model sites, an equipment summary as s e-,t
The equipments were segreg-ated and listed in the same functional- r-cnij- ts e.-E--m
used for the measurement of the ATEC system effectiveness. The ecm- t l

required development were analyzed and • n esumate of tne or-- time .ef mm
coste and recurring procurement costs were made. Catalog prices -ere assed lo:r
off-the-shelf equipments. In order to develop a at.tistical spr-ad of the o -e time
costs an assumption was made that the procur a:(t of ATEC for the or=_-ali DCS
would be for 8 large sites, 25 medium sites crdi 17 small sý.ea. A idoniy, 7ri
Implementation of some sites will more than affect any inaccuracies incnrz- i
using this distribution. The accrued costs for each hfttcten and f'of :)t% d e.ach --

the three size ATEC faci.ties were gathered together and are cre-er.-ted - 4e e-.
rows oi Table IV. No costs were included for ATEC maiitea.

Improved efficiencies in DCS station mabrteiraaice vii more t a--cz aii ]
burdens Lmposed on maintenance by the additi.. ,f the ATEC tacility. - .- --:see=-
plified by: (a) earlier detection of faults pror to ca .ztropIdc ilare, (7,- sB --- e ":
maintenance in fault location through the fault so A fn f1xnc-, sc, xa.ne x
more effective deployment of maiat•.nnce personnel thro•gh gre-e r efecse-s-. -
the quality assurance function.
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4. 2 Cost-Effectiveness Summary

Table IV presents a comparison of the cost-•effect.veness for tho thiree size sites
and for each of the functions of the ATEC system. The payoff period h-.s been cal-
culated employing a discount rate of 10 percent. As indicated in the tables, some
functions and site sizes have an infinite payoff. This is due to the payoff being of
lesser value than the discount rate on a, annual basis. It would appear that
Functions 2, 3, 6 are of marginal productivity and cannot be recommended on a
cost-effective basis.

This cost-effectiveness data has been developed in part from information obtailed
(n the Technical Control Activities at the Fuchu station. This Information provides a
view of the DCS which indicates 97. 8% efficiency. If in other geographical areas this
efficiency is differ,.-it, the ATEC payoff periods change quAte dramatically as shown
in Figure 19.

5. CONCLUSIONS

The net cash flow analysis presented in the preceding paragraphs exhibits some
rath-.r sta3 tling differences in the return on invested capital. Of the six basic ATEC
fune'. .ns, eault detection and isolation testing and reporting appear to have a signifi-
cant payoff ir economic terms. The other basic functions - autom&ted patching, remote
site monitoring, and equipment/link monitoring have little or no advantage from a cost-
benefit standpoint. The payoff period ior these items approaches infinity. Since the
net return on invested capital is less than the assumed discount rate of 10 percent, the
n•t return on these functions is, in fact, negative. On the basis of this analysis, it
would appear that the fault isolation, reporting and testing functions should be imple-
mented as a first priority "o maximize the immediate payoff. The implementation of
other functions could then be considered if justifiable on a more qualitative basis.

The cost-benefit analysis also considered and compared the degree of
payoff by size of the ATEC sites. The percertage payoff increases with site size to
about 18 percent for the large ATEC facility. The payoff period for the large site is
4.2 years. The return from the medium sized ATEC facility is about 13 percent per
year resulting in a payoff period on a discounted basis of 5. 7 years. The small ATEC
facility never achieves a net payoff and would therefore not be recommended as a
promising use of economic resources. However, this does not preclude the selective
implementation of certain key ATEC facility techniques in smaller facilities.

Combining these most significant results yielJs the conclusion that an optimal
strategy would be to invest in fault isolation testing and reporting at large and
medium ATEC sites. The payoff period in such a strategy is 1. 9 and 3.1 years,
respectively. The payoff from implementing these functions at the small sites
is quite low and is not recommended. Again, the other ATEC functions at any
size facility do not appear to warrant implementation from a cost-effectiveness
standpoint.
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The basic technique and data used to develop the various alternative strategies
are presented in Appendix I, permitting the reader to calculate simply any alternative
strategy that might be of interest.

This analysis did not consider a detailed time-phase implementation plan on a
worldwide basis. Such an analysis is a major undertaking and must consider a host
of different implementation str,4tgies in great detail over a five to ten year period.
Implementation planning of this typ- .s necessary to achieve true cost-effectiveness
in the final imp] -mented system.

Some comments can be made, however, concerning implementation strategy.
Briefly, the highcst payoff occurs from implementing the fault isolation function at
large sites. Thus, this function should be implemented first. As more sites are
implemented, the incremental payoff from adding each site will not be as high as
the preceding one since they will tend to interact. This is a well known economic
principle known as eventually decreasing marginal productivity of capital. To
alleviate this probiem in ATEC, it would appear to be a wise strategy to separate
the implemented ATEC sites very widely so as to minimize interaction and maximize
the potential payoff.

It is anticipated that certain TCF's within the DCS will be prime candidates for total
implementation of all ATEC capabilities. These TCF's will undoubtedly be those at
major nodal points witnin the DCS and as such will probably also be DCS reporting
stations. It is conceivable that the implementation of ATEC could be restricted to a
small number (perhaps 15 to 30) of such selected sites, and that marked benefits
could be derived from such a limited implementation; particularly as a result of the
circuit mo-,eZoring concepts of the recommended ATEC facility design. If such a
limited implementation is undertaken, the result wili be a mixture of totally auto-
mated TCF's and of totally manual TCF's. This mixture of the old and the new is
certain to contribu',! numerous impediments to achieving the primary objectives of
ATEC. For example, the ATEC facility, having detected a fault and having initiated
a request for a qu,-Aty check at a manual TCF, must standby until the results of
manual monitoring techniques (including the inherent inaccuracies of human accom-
plishment and interpretatibn) are reported. Hence, while a fault was detected
rapidly, its verification and isolation might require an incompatibly longer time.

The objective here is to identify phased implementation approaches of the functional
elements which could provide the greatest benefit for any given expenditure of time
and money.
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The tot•al reconmmended ATEC facility configuration is separable into a number of
functional mo-,Jes. These may be Identified as follows:

a. Circuit M.r"-oring

b. Link/Equipment Monitoring

c. Improved Manual Patching

d. Test Busses and Quality Control Ct'sole

e. FaAt Isolation

f. Data Base

g. Remote Site Monitoring

h. Reporting and Record Keeping

i. Automated Patching

Each of these functional modules benefits (to a greater or lesser degree) from the
presence of a certain amount of data procnssing, data analysis, display and control,
operator evaluation, and other similar suppot elements. However, certain of the
functional modules, namely, (1) improved manual patching, (2) test busses and
quality control, and (3) the DC portion of the circuit monitoring, can bc implemented
individually and independently without the presence of the above suppolt elements.
Also, certain other functional modules which require processing and its related
elements can be implemented at a given TCF and share the requir.,ed processing
located at a nearby TCF which has been more fully automated. Such functional
modules include (1) circuit monitoring, (2) link/equipment m~onttoring, (3) fault
isolation, and even limited data base and reporting and record keeping capabilities.
The iLr~ortant factor here is that communications channrls required for access to
the remotely located processor must not be permitted ýo 6xceed the cost of a processor
and r ;,t('d hardware; and, also, the total cost of stch communications channels must
not eyceed the benefits which result from such usc. Section XIJ (of this report),
Telemetry Analysis, provides a detailed investiration of approaches to obtaining such
channels, e.g., speech-plus, time sharing and others.

Essentially, there are three basic methods of implementing ATEC on a world-wide
basis: (1) total 'implementation (all functional modules) of a selected number of TCF's,
with additional TCF's Implemented as a function of time; (2) partial implementation
(selected functional modules) of a larger number of TCF's, with additional TCF's
implemented as a function of time; and (3) total implementation (all functional
modules), but only for selected circuits at a large number of TCF's. Of course, the-re
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are variations of each of the above basic methods, as well as hybrid approaches
(combining elements of each of the above basic methods). The Uirst method results
in implementation of the fewest number of stations. The remaib ing two methods
allow for impiementation of a larger number of stations, with the second method
probably resulting in the largest number. For the third method, all of the basic
hardware elements are required and hence the major part of the total cost is
incurred (fewer dollars are needed to expanct a functional module once its basic
elements are obtained).

On the basis of all facts known to date, it is recommended that an implementation
approach be adopted which would result in the total implementation of all ATEC
functions at selected major TCF's and partial implementation (selected functional
modules) at ,nther key TCF's. The totally implemented TCF's would be those having
particularly strategic positions in the DCS and/or having a large technical control
requirement. These partially implemented TCF's may have their own processor
and related peripheral equipment or may share such facilities at the associated
fully inmlemented TCF: this determination must be made in the form of a cost
tradeoff (processor and peripheral vs. communications channels) on a per station
basis. The centrally Located fully implemented TCF would exercise operationral
control, including coordination and reporting, for the assigned partially implemented
TCF's.

The actual time phased implementation actions required to achieve the final or
eventual world-wide ATEC configuration are expected to be a function of available
funding. Therefore, it is recommended that a time phased sequence of ATEC
implementation be adopted for all stations to b- implemented (fully implemented
or partially implemented). This sequence should be related to the functional modules
as listed earlier. The oarticular sequence may vary depending upon the mission and
needs of the particular TCF and can be terminated at any point in the sequence.
However, the following seuuence is expected to be generally applicable.

Circuit monitoring - considered most valuable; includes both user drop and
baseband VF channel selectors, associated VF channel analyzers, and VF
channel scanner; requires processor capability, but can share a processor
located remotely. Display of status can be via teletypewriter driven froxi:
remotely located prceessor. Digital circuits are monitored via a digital
circuit analyzer requiring no external pro;essor and employing teletypewriter
for 0larm and statas readout. Digital circuit monitoring can be implemented at
any site at any time, independent of other circuit xronitoring.

Link/equipment monitoring - considered less valuable than circuit monitoring,
but a natural extension of mcnitoring capability; can still share remotely located
processor; should not precede circuit monitoring. Implementation requires
addition of equipment/link sensors, sensor scanner and A/D converter.
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Improved manual patch bays - reduces circuit noise as a result of sealed

contacts; permits patch verification via cord scannirg if processor iW employed

or when processor Lis added. These patch bays can be in.stalled at any time

(no processor requirement) but are required prior to implementing: (1) test

busses and quality control, (2) fault isolation, and/or (3) automated patching

(when justified).

" Test busses and quality control - test busses require the )•xistence of the

improved patch bays; however, they permit access to all circuits for testing

and monitoring via the quality control position, and permit the addition of fault

isolation. The quality control position may include a full-fledged console

(CRT, associated keyboard and reference file) if a processor is located at the

site; or may be abbreviated to a teletypewriter and the test equipment complex,

if a processor is not available. In any case the addition of test busses and the

quality control position permits circuit qualification and testing.

" Fault isolation - co.isidered second only to circuit monitoring in value;

primarily an extension of circuit monitoring in that access to intermediate

circuit points is obtained; requires use of test busses, VF channel analyzer

and VF channel scanner. Fault isolation could conceivably be supported by a

remotely located processor, but when combined with all preceding functims,

the processor information rate and hence the required intersite channel napa-

cit,, might prove excessive. A cost tradeoff analysis will be required on a per

size basis.

" Data base - implies many types of reference data to be employed for monitoring

and testing, fault isolation, restoring and rerouting, automated ptching,

reporting and record keeping, as well as other functions. The dAtj base is to

be stored via a combination of magnetic tape and random access mass storage.

Hence, it requires the presence of a processor. It requires, of .-..urse, tape

transport and random access memory, and will probably require the expansion

of processor core storage to permit optimum use of the data base.

"* Remote site monitoring - refers to monitoring of remote sites which are

directly under the jurisdiction of the TCF, i.e., HF transmitter and receiver

sites, associated tropo and LOS terminals, LOS repeaters, and sateilite

earth terminals. Such monitoring is accomplished via sensors and scanners

at the remote sites and is relayed to the TCF for processing. Alarris and

status are returned to the remote sitM for presentation via teletypewriter.

Remote site monitoring obviously requires P process.)r at the TCF.

" Reporting and record keeping - required primarily to achieve real--t!me report-

ing and record keeping, with accuiacy. Requires considerable processor and

associated storage capability; hence, requires presence of processor. Reporting
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could, however, be handled by the cent. ally located fully Implemerted site
(reporting site) since it wil have stat.•s , otber sites sharing its processor.

* Automated patching - a not highly cost-effective function may s e required on
basis other than cost. Requires existence of improved patch bays, cord scanning,
processor, and control consoles. Automated patching on selected circuits
(switching) Is most applicable for implementation.
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&SECTION VI

CONCLUSiON'; AND RECOMMENDATIONS

1. GENERAL CONCLUSIONS

This section presents a summary of the major conclusions and recommendations
which have been drawn and developed, respectively, as a result of the study etforts
carried out under the various tasks. The discussion first describes individuall
functional aj'eas, then considers the ATEC system and the ATEC facill'y.

It is considered technically feasible to automate the following technical control
functions:

a. Circuit Monitoring

b. Equipment Monitoring

c. Link Monitoriag

d. Fault Isolation

e. Patching

f. Data Base

g. Reporting and Record Keeping

"I. Display and Control Consoles

i. Monitoring at Remote Radio Terminals and Unmanned Repeaters.

The following functions are requirements which can enhance communications
sySte , perfo.r.,ance and are not specifically required because of ATEC alone:

* Worldwide Clock

e Automated Line Conditioning.

2. CIRCUIT MONITORING

It is concluded that circuit monitoring will provide the major source of status
information and, furthermore, is the most cost-effectiv? of all functions amenable
to automation.
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It is recommended that circuit monitorin'g be perfori ,d at the outputs from the
ATEC facility on a scai.ning basis. For VF circuits, mo-dtorlng shoulfe be prvided
on user VF receive lines and multiplex bnsebAnd VF transmit channels. Each
circuit should be accessed once per minute by a VF chan' 0 ýnaiyzer which will
sample for 1. 2 second, measure siunaL level and noise ' identify whether the
signal sample is sneech or non spePch, and deliver a D('. a-ge in the cange of
1. 5 to 22. 5 volts to an analog-to-digital (A/D converter for convers!crn inti.o a 6-bIt.
digital code plus a parity bit. This digital equivalent oi the measured level wil. je
entered into a data processor for cemparison againat previ ,isly established Green,
Amber, and Red thresholds. Amber and Red c,..ii,_tions wil- caue entry into the
fault isolatiou function discussed below; Amber v ill also trigger a trend analysis
operation to determine the rate of approach tom ard Red.

For start-stop DC circuits, monitoring will tauj place or. user DC receive lines
and VFCT transmit tone channels, measuring distortion and loss of transitions once
every two minutes, on a sample of approximately one second duration. The
measurement results are entered into the data processor.

For synchronous MC circuits, where the data moderm is in the ATEC facility,
the digital signal on the user receive line is sampled for loss of transitions.

3. EQUIPMENT MOniTORING

The main benefits of equipment monitoring are derived from monitoring the
performance of wideband equipment, I. e., multiplex and radio. Information on
equipment affecting individual channels, such as line conditioning equipment, VF
channel modems, tone keyers and converters, is more readily obtainable from
circuit monitoring. Parameters to be monitored are available in many existing
equipments and require the a3ditton rf standardized sensors for transiating the
actual parameter vabies into the standard range of DC voltage suitable for
A/D conversion and processor entry. Equipment monitoring alone is only
marginally cost-effective, but its relatively low cost warrants its inclusion
as a supplement to circuit monitoring as an aid in fault isolation.
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Link monitoring Ie adeqtmely covered by the parameters recommended forI, cldtt/oq-dpmebt monitoring.

5. FAULT ISOLATION

This function is needed to determine, first, whether the indicated circuit
fault is inside or outside the ATEC fscility and, second, to localize the fault

within the ATEC facility cr to an e.dernal site. It can correlate equipment
alarms with circuit alarms and cn, when necessary, perform additional
measurements under processor control, supplemented by semiautomated
capabilities at the status monitoring and quality control consoles. It also
requires coordinated efforts with ether DOS stations for external faults. This
ftmction is considered a necessary adjunct to the pre•viously discussed monitoring

Sfuncticns.

Additional fault isolation capability will be provided at the status monitoring and
quality control consoles. Analog and digif1 ttut equipment will be available which
can access any circuit through moantor and test trunks in the circuit, primary and
DC patch bay',. In addition, separate trunks will be provided for the simultaneous
insertion of 1000-Hz test tone on many VF circuits through the circuit patch bays
and of FOX messages on many PC circuits through the DC patch bays. With
these capabilities, the ATEC iacillty personnel will be able to assist other stations

in fault isolation efforts.

6. PATCHING

Yt is technically feasible and effective to use a combination of manual patch bays
and switching matrices for increased cost-effectiveness and reduced size and
complexity of the patching facility. The matrices should have the capability for
establishing simultaneous connections corresponding to the average number expected
hi a manual patching facility (estimated to be on tihe order of 10 to 15 percent, of the
normal-through connections), with the patch bays handling any instaitaneous overflow
and also providing a manual backup capability. It 'has been determined that the use
of matrices which access all the circuits or groups appear!ng at the patch bays has a
relatively low cost-effectiveness and does not appear to be warranted. Rather, for
each site, consideration should be given to the desirability of providing matrix
switching for only the most critical circuits &nd groups, thus reducing both size and
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cosi. It, Is also concluded that imp~roved pztch bay designs Are called for to liminnatz
exposed contacts in signal peths, with theIr restltant "zietiall ior Intra&cIngr contact
noise, and to provide automated access to circuits for monitoring and testing purposes.

It is recommended that only four types9 of patch boys be u~sed: group, cirouit
(equal-level), primary (cable), and DC. The VF patch bay should be elim -atedý
InsteaO, attenuator pad8 should be inserted betwAeeD the multiplex t-banrelks And 04o
line Bide of the circ~uit patch bays to adjust for ievel dIffereimes, and ail lne candt-
tioning equipment (such as SF units, echo suppressors, amnplfiers, PP.&., hyb-eLd6,
signaling converters) sbould be loMated on the equ~pmetat sids of the eircus.. patc.A bays.

~.. Imroe designri for group. cirmcuit, prirnary, and, DC patch bays sboeid
incluide the following fenitures:

a - Jacks for terminating and monitoring.

b. Sealed contact reed relays for normal Chrough, connectionr. and for teraiiting
the unused member of a terminating Jack patr -zn ord patching is used,

C. Cord scanning, under processor control, to enable verifIcation of the co-rrect-
ness of each cord connection or di'sconnection.

d. Except for the group patch, monitor and test trunks which can be accesse
fromr the status monitoring and quality cor~trol consoles for the Insertioui of
test signels and the extraction (by brIdging or terminatiVg of traffic and test
signals. Test trunks will also permit the insertion of 1000-Hz test tone
simultaneously Into many VF circuits and of FOX messages into Many DC
circuits, Ter minating or bridging connections to individual circuits will be
d-f rived througE. reed relays which are controlled by the processor In response
to instructions entered by console operators.

When switching matrices are used, It is recommended that none by employed at
the primary patch bay, because the tow f requency of line con4ditioning equipment
substitution can be landled readily by manual patchL'ig. The circuit switchIng matrix
should use the recen.*'y developed solid-state digital-crosspoint matrix (with pulse-
width modulatimn) to effect a signif icant reduction In. size. The DC sw' Iching matrix
should use the same solid-state crosspoinis, withom, the modulators and d-mioducztors
needed for VF circuits; this matrix should handle o.ni'v low level DC signals. Retd
relays are recommended for the group switching matrix because of the higher
frequencie- encountered and the relatively small size of the switching !scility. The
reed relays will be magnetically latched and will, therefo're, need no power for
hollditg. The solid-state matrices will reqxire constant applicetion of power to
maintain established connection, It is assumed that aD u-ninterrupted (no break)
power source will Ie a-vailable to the ATEC facility. ThL, feature, combined with
multiple power supplies on a common DC voltage buE, wVt ensure continuity of
holding power.
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To ~ o btain an ;Vezvttionati evli-titen o Meeeti~vezeasso automated switehing in
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IIBoth a mi n ya-xedt a, zee ý`~eetatm dftU b&A,_ wifl; prontee

as Ientileatlon -hractr~sies.d zarzm i-feArmanee levels,.
It. will asbo contabi preja=ed rviaSticda hIarebasiWl gr~phic
riature, swoh as elre-alt bio~,w.b lrdms;nIzati treffree file
projector- at eseb co'erah~rg corasee am~ witil Ix- sy2ai!ble -'ý :-do~n tcceg-s
The dy=iarnic data base willio*.~ irfr-natice- mn -e actcais poiffrio~az~e *fcr--4
trunks, links, and eqimet at al be O'r.Iert'i tam,~ nxnit~r.i'%
fault Laclatilon, qPuaffty c.-,t~ c-r;Pt STerWU10G MMfing. LIG ethr actiies
taken -tside and o~xtside t~he A11C fiaclity7

Wit &X-e :-r data I,= the S114 file, 411. tzeer Stat;C ard dyFaz-4C d2t2 bE t
stored in 7- mss eto~rage 5!e or ixivn -be a-i4ato, to weratirag per-

sounel =- a rsndonm accese t:2L fur -,x,!ý- I-1Z- !

need 2 n~~ c-snacitw -of 250. fM on~r-acters- >r p~rý and~ dift' etorae.
exoandable in Lncre~er-ts to at lzea~t s-ne ci-is-. czcers

IM ad~dozc., the e bit is need*Ki at t±ýe centra zr 1 hie S>_ee
prinztoi± e any elem-ens o. t.L-e data bSe4. 5r-.C! as itC!~ti~~:

t~ r- L -a s;b!e t o s u tza e b!,e eýsn rec rts :o :be D- C C a-y,~ tie 1,M
age=t: The d2ta proce~ssr -::.zst --7e fec-r nat .51: ra
data :- .te dsta- bee. m7 re : c x_=etec-e: tx ý a R7

it is -tc =ecjed ha c-.=-,::. retýcr b~~a e 6e-T.~e' cd tlzsaf- 1.t :



Fromte coa -w d the taU bms, the proesso can genrate prizat, efflar
rAvt-=tfixl~y by 4ma&le or oa operator reqests, of the equbvalens of uxist of the
lop,1 torzz, and recoris wbich a--* calld for bi Volam 2, Chapter II, of DCAC

to~ rednee the work kad cl the tecbcal ooorolers. Sg mc *bcafly, It is
wuw~meadd that an actkvlty log be gers~eid at each omaoe, rscordiig all wdytivts

x7! oveLs, %riA tkie kC at the ceemal cadrel belag the mister seatim log. in
azidI-A, the proimsor will pro~ice Prinotg of oomunkatica work ordersa n a

Lbe r4lsnf Ubdr accti1- lnt the procevr duvoo~ the same teietypewriter. S1IM

reu :.-, tkee oth er fr-a n re.-d, I B mofd drtr1 the Go axie

z~om~te ar*9~ of mtefie. t h xa~kie rtdor5.. e.., s"or wessyail
exaa-.Zy tee vaue !x- ci-er

Cme oter ar '1i rvczxý Leeaig isob M fe wu*vA of' I loarmer.

=xgwvt1oUt UM ~ o~ rviil- &I hb--e 3 orit~e. bre ' sod Zesu alys at~e~
a e.tal cfbr ze! prcek faktr.x:- asoru itk a ti DCr Ok ue e d wL

S?- ~ r OPRAD OGNSDa.aLESrv± ~ s rr~'

3=z at the bLIy,~ at iec* .,k ziric~2Mes rtse es if -a- per~r sys-~te

e c..fe te Cecn CcavZe- sb'-- bre azisit u tk Mma swrsae f perft
T ~±~aCX .$taza~azeica fci-nkSt.d.



Cmoie wil bw-e a NOg speed Iilbe printer for 1bgb w'udme outpf; the stiabs
11 rig console wil bmv *amlg and cigil tet equipment ior fuih laolaUm;

*ix the qulity conrl c~oode, wWl !wewe lest euipment~ suitable for deailed
aliguumeu arnd ttlzg, as well as for fna~t isolafica.. The lafter two cowede wil be
aide to acces any WP or DC ciruidt for mcaltorilq or teefti usa initor and test

In~ tlSe pifth boys; operator umftc~c to the proeessor wil operate relays
hk the P~fb to CKWec the deured conwema.

Wt~k emmqtac of diffrerme in tee ag~o ceua .U the renalialg
siijnlariies vaf 6he rartimou cn:1e ermit leun~rary charges n consoe assigs-
mnew to -- at-entm. sueb as consle fawu"e or peak iced

10. DAIA PBM*WZM

A dMt prwo~~s~ing 9 n twt is wj& for de conrol of all iu~t w

se~~otk fu2trca. t l

* mM r sod Tew Traf Coarti

*CRT tluplay

Coce va!il rzeqa as Mvw as 32 tbimnw l6-bf woz, th as -Iw
t ie a nd= Ci Thw, On bu rs. wd Sh jdee Sk-ie-ee t~e idchv

#rA for em, co icr !zrtieU. sa o as a gpr)

A ceI ~ =sym -~-~ zeda the ATEC fW3iiT to

ew C= Maii= ~ at OCEPit, ea t ~W5a" *.k P autys, and the

Se-k



Voice and data orderi-h-et conforming to the DCA policies expounded in DCAC-
310-50-6 will satisfty the need.-; of the ATEC system for communications among DCS
stations. Thus, ATEC facilities sand other major nod.l points will be tied together
by express order-wires. Adjacent sites will communicate over link orderwires.
C-ommunications to remote raio sites and major users w-ll also bee needed.
Where express orderwires do not permit direct connections betw.en widely
separated ATEC facilities, the common user AL1TOVCN network shouid be used.

Processor to processor communicaticns between ATEC facilities on the same
express orderwire will be provided by applying a speech-plus-teletype capability
tc the voice express orderwire. Similarly, monitoring information from, and
control data to, remote radio sites and unmanned repeaters will be carried over
voice orderwires in a speech--lus-telei-pe mode.

it is assumed that two way communication for operational direction by,
coordinaýion with, and reporting to DOCC elements will be enabled primarily by
critical control vircuits. When these are not available, common user networks
(AUTIOVON and AUTOD'i) will be used. Maintenance management circLts will
he used for communications with O&M agency elements when available, )r else
common user networks will be used.

W.hpen the ATEC fecilit serves an AUTOVON switch, results of in'.eCswitch
trunk- testing by the routn•er should be sent over a DC circuit into the ATEC
processor to report on trunks wl-ich have failed the rotiner test. Simniiarly,
.-- en an AL'TODfl switching center is served, the detection of excessive errors
tan iederz-wtch trunk o- a user circuit passing through the ATEC facility
sho•ld be r-evor•ted to the ATEC processor ever a DC circuit.

19. MON-T. ORIN*G OF RENICYTE RADIO TERMLLNAS AND UINKNAT.1ED REPEATERS

7;-ne remote radio terminals of interest here are those HF receiver and
transmitter sites and tr .opospheric scatter terminals which furnish long haul
t,-.-. for th:e ATEC facility but are physically separated from it by intersite
iinks because off sitting requirements dictated by space considerations (HIF antenna
farms) or pr.pagntion needs. These remote sites are, in reality, merely an
eem,..sion of the• ATEC facilitY. As such,the monitoring of intersite and long-haul
Skand ec-ipoment is needed to complete the overall status picture. it is
r-ecimmended that eq.uipment monitoring of the types described in paragraph 3 be
Der'-irmd ;-. these remote sites and that the mirasurements obtained be forwarded

spe ech,-plus-teet-ype over th3 voice order-wire to the ATEC processor. Alarm
con-ftions wiU b- returned to the remote site and printed on a teletypewriter for
the benelit of site202
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The status of an unmanned repeaterwhich is the operational and maintenance
responsibility of the ATEC facility, must be known to facilitate fault isolation in a
link which contains this repeater. It is recommended that monitoring of the type
discussed in paragraph 3 for LOS/Tropo terminals be incorporated into the repeater
and that the measured values be returned to the ATEC processor for analysis. A voice
orderwire to the ATEC facility is needed for the benefit of maintenance personnel dis-
patched to the site to effect repairs; monitoring data can be transmitted'using speech-
plus-teletype.

The status of a satellite earth terminal is also of prime Importance to the ATEC
facility, in order to facilitate monitoring and fault isolation as well s to permit system

optimization, as indicated in paragraph 3, the status information c llected and pro-
cessed at the satellite earth terminal should be summarized and rd ayed to the ATEC
facility. Again, a voice orderwiLre is needed between the satellite earth terminal

and the ATEC facility.

Error detection coding, by parity bits, will be used on all c ta transmissions
to ensure the validity of the data received by the ATEC processor. I
13. ATEC FACILIT Y

in the perlormance of a cost-effectiveness analysis, the activities of the

ATEC facility were divided into six principal automated functions:

a. Circuit monitoring and fault isolation

b. Equipment/link monitoring

c. Quality control

d. Reporting

e. Switching

f. Remote site monitoring.

The processor subsystem, except for magnetic tapes, was assigned to circuit
monitoring; the tapes were allocated to reporting. The patch bays were divided equally
between circuit monitoring and quality control. Switching includes only the switching
matrices. As a result of the analysis, it has been determined that the six functions
rate as follows, in order of decreasing cost-effectiveness:

* Circuit monitoring and fault Isolation

* Quality control
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* Reporting

* Equipment/link monitoring

* Switching

a Remote site and unmanned repeater monitoring.

Further, cost-effeetiveness wris evaluated for three sizes of station:

* Small - less than 100 VF and 100 DC circuits

* Medium - 100 to 42C VF and 100 to 400 DC circuits

* Large - more than 420 VF and 400 DC circuits.

The results indicate that the Implementation of ATEC In the small site is com-
pletely unjustifiable, bat is worthwhile for the medium and large sites.

14. WORLDWIDE ATEC SYSTEM

A worldwide ATEC system is feasible and will be instrumental In improving
and maintaining the performance of the DCS. The ATEC capability should be Imple-
mented only at the major nodal points of the DCS, constrained to the large and
medium sites previously defined; it should a13o be installed at the remote radio
s!ftes and unmanned repeaters whItch are the dtrect responsibility of the ýITEC facility.

The ATEC facility should be assigned for a geographic zone around It, encom-
passing all the manually operated stations, for which it malntau's the general status
of all the communications resources (i.e., system performance status monitoring),
assists the other stations as needed, and reports for all stations in the zone.

ATEC facilities should cooperate in the resoluticn of problems which lie
between them and should assist intervening manual stations to the ma; 'rrnum extent
In such resolution. As already stated, primary communication between ATEC
facilities should be by express orderwires, with the AUTOVON network as a
aupplement. In addition, ATEC facilities should be able to Int'erchange status
information of common Interest by processor to processor channels.
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15. ATEC LMPLEMENTATIONŽ

By way of Illustration, three possible methods of implementation are pre•ented.
In the fCret, one site is implemented at a time with all funcions. i

In the second method, several stqtloas are installed PImdtan•e•sly bat are-
Intlally equipped with only some of the AThC' fumdos. With time, other fumctions
can be adoed In a modular fasbion. A possible sequence for this method mi& be: I

a. Circuit, equipment, ad link monitoring; fault isolation; & reportL•,.
This step would include the improved patch bays, consoles for st-As ment-
toring and Central Coot-ol, and the data prociessing subsystem, alorg with
the equipment needed for rnmitoring and faunl lsol2tio-.

b. Quality control

c. SwitznhIng (when Justified)

d. Remote radio slte and trnan.ed repeater wr.toring.

Beyond the first step, At may be nee.-sa-r to add aed•i.onal core memory and
program wodules.

In the tird method, a zumber of s It- are Installed sim'1tnzoausly with all
recommended ftmetlons but each 1i-mct is limited to caiy i !ýe!ac4ed number of
circuits, in r~rtlcular, the -ms critical As time prcveeds, a&-it•hio
cLrcuits are provided each ftmction antil the full cat. UlIitv reerhed,.

Oft three metl~ds for, Sh fir s--t the•-

sites to be qupped sfory a given expendilr of fnds, t 4-.rs the

smallest number. E, owvr, still ot-her mehýods can be d..nived zs res.alt oa
various combnbaxtions off the above defined medxxds and conslsstent vitb the
Governrlnt's techinc~l and fundinz reoairemednz-

I

I
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APPENDIX I

COST EFFECTIVENESS CALCULATIONS

%L

Th-- measurement of cost effectiveness requires that the aavings attrib'itaole to
the system being implemented be balanced against the_ cost of the system and show a
savi•gs after the payoff period.

The following paragraphs describe the derivation of the formulas for calculating
Lthe saavi-ngs due to ATEC. In revie, ing the methods of implementing ATEC at a DiCS

Statizn, two tynpes of. operator action seemed to lend themselves for use in catz.gorizing
Wilrjes at a station. The two types of operator action are: direct action or the action

taken when the failure is dirrec~y within the area of responsibility of the tech control,
ard .n'ify action or the action taken when. the tech control becomes aw-are of a failure
at a distant •tatloa.

An an2Iv-Is of the f2!Hure reoorts from Fuh-u AMr Station yielded a distribution of
failures by c.e-rator actlov as showr in Table L

Table I Failure Distributin by .Action

ACTION TYPE DITRIBUTION

I

from- t• a a_,- t2e Lilure repo.ts, a diatribution of the tyoes of
- -dm--- C o -- _e tinne for each .... w as ob5t3red as sho in Table IL

I Tabae it F-il.-7, Distribltw n T,--'.

A %'-AG E

FAIL.URE TYPE z.STRIT--O'N OUTAGE ,-IE

Psih 30 ---in.

User Termirnal 9.357 30 .n

Ca :-hi-g Tablea II ?- b tion ui be used i -

z~~~~az ~~ --" z d
- -~~*~- S .~~Ci...
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The object of the subsequent calculations is to determine the savings for each
function of the ATEC system. In order to keep the savings segregated, the avail-
ability of the functions will be used as an algebraic gathering point. Table IV is a lJst
of the functions of the ATEC system and the availability.

Table IV ATEC Function Availability
FUNCTION NA ME A VAILA BILITY

1A Output Circuit Monitoring 0.9991

1B input Circuit Diagnosis 0. 9991

1C Intra Node Diagnosis 0. 9991

2 Equip/Link Monitoring 0. 9992

3 Automated Patch 0. 9993

4 Reporting 0.9989

5 Circuit Qualification and Testing 0. 9992

6 Remote Site Equip/Link Monitoring 0.9991

For each failure category and action type in Table LU, a savings expressed in time
can be calculated. This time savings is in two categories, manpower and outage time.
The manpower savings is acc cued through the time savings resulting from the implemen
tation of ATEC. The time savings occur because of the difference in time required
to accomplish failure diagnom4s and fault isolation, decisions on a restorative course
ol action and the accomplishn'ent of those actions. The savings in outagretFfie results
from the ATEC monitoring sy•tiem alerting the tech cd6itr@o a failure and allowing
corrective action to be taken before the user is aware that the failure has occurred.
Since the majority of the failures are reported by the user in a rr.mu2j tech control,
there is a time savings between the report from the monitoring system i, ATEC and
the report from the user in the manual system. This outage time hao been teraned
the indeterminate outage time and is different than the average outage time of a
failure type. The difference is that presently one is reportued and the other is not.
This Indeterminate outage time can be-saved by ATEC as well as some, if not all, of
the reported outage time. ' Table V 1.s an estfumate of the (ndeterminatc. outage ;.line. A.

time estimate was made for each type of circuit and was an average of the estimates
of the minimum and maximum response time. For DC circuits the minimum response
time was estimated assuming the operator was attending the terminal device, and the
maximum response tV me was estimated assuming t'1e operator was attending to other
duties.
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rTablz V Estimate of Tidetermniate Outage Time

STIMEPROPLABILITTY'
ESInATE CIRCUITI OF FAII UEE

[ CTRCUI 1' TYPE -I mL. DE1M1TY OCCURREN~CE_
! U

DC Circuits1

Clear Text (No Cvypto) i'

I I I
Non Traffic Flow Secure Cry.pt o IT ra fi Flo Se w e1 5 r
Average IrdeterrirAnzte Outage

Time DC=- .110 Mn. I

VF Circuits I

Hot Line I 0

SCommon User Manual Board iI

Common User Automakic Board IK V 5- .

AUTOVON 5 -11"III ' I
SVFCT Tone Channels i 1 -57,

3 *I I
".erage Indetermi--ate Outage I - I - --I I

Time VF = 63.7 Min.

For VF circuits the minimum rý-spc-ese L.-_e was eima•.-•..•-
circuit was in use and the maximum re-sponse time wzs esa*in-'2zee tsS2 -rin r• -
circuit was idle and 3cme time would elapse before iI wa-. Ls:d or iest_&. A - I
was then made of the density of the,- circudt t,.'es and. a!so -f the rzrowgii•y thrt a
failure w-ould occur on that circuit ti.pe. From Table V, 0-e aver-m?-e i I
outuL-e tis for DC circuhs is 11.0 miw.tes. The average r.-- r-,"-e or i j ..-
systemnon DC' circuits is one-half of the monitor scan cyv' ce ze f •o m--.es. r--
fore, tlhe average indeterminate outage time sa-imZs for DC circu-:lts !5- i -
(11. 0 - 1. 0(. Again, from Table V, thi- average teeizrm .e :•t.•. :Eme "or YF
circuits is 63.7 minutes. The average reaction ti.r-h !or the _TEC ss.'e= V '-7
circuits is one-half of the scan ;cle nime of c-nc rr-.nut-. Tnerefoze, _uae zv!:_
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3UZ-= S. 2'% AM> A -2. U 1 B -ý-0 2A3 + 0 - 14-A51

jO.a xkafli) Al I 2.25-k IB - 0. 16AS +' 0. IL45

Bi vl- n n a filnure is reported a diagmstl c action (itUlB)
U- t~- ýa ReF± !d e fraihire is ix-ter-ral or external. in the case being

~O--y (FL-51ij sz4A reportmg(F4)

]1ManrI TI-me FU B =3.0

ATEC Timne Fr3 = 0.3

sz-v~ingsFtU3 = 1.0 x0.2 =0.2

Manz-ml Tim~e FUS = 2.4

AIT FCTimze 1U5 = I. 7

Sa'N-mngFU5 0.7xO0.2 =0.14

)Azzinal Time FU4 = 1.2

ATEC Time FLU4 = 0.217

Savins -F34- = 0. 93

5 A B 0. 2A3 0. 93A 4 -0. 14-A

-!.A B - 3.16A3y - 5 4 -:- 0 1 A

Dix-~-- Ac--zon (6. Sglý failre distribution from Table MI)

Oam-age S;o (formula 3)
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I°
DAS = 6.88% ED. 80 (All-D)AIA + 23.02AlD + 30.65A1C + 0.20(AIND)A2 +

9. 9A3 + 17 77A5]

i 0, 0(3(A1}A1A + 1.58AB + 2.11A1C + 0. 01(A1ND)A2 + 0.6SA3 + 1.22A,51

(Node - Direct - Outage)

Manpower Savings (Node - Direct Action)

In the manual system when a failure is reported a disgaostic action (FUIB)
will take place to determine If the failure is internal or external. In the case being
discussed the failure is internal and a further diagnostic (FUIC) would be required to
isolate the failure. Patching (FU3), testing (FU5) and reporting (FU4) would also be
involved with resolvhg the fabinre.

ATEC will save all of the manpower for both diagnostic functions (FUIB and

FUIC) &M some of the manpower for the patching (FU3), testing (FUS) and reporting
(FU4).

(first diagnostic) Manual Time FUIB = 3.0

(second diagnostic) Manual Time FUIC = 4.5

(patching) Manual Time FU3 = 1.3

ATEC Time FU3 = 0.3

Savings FUI = 1)

(testing) Manual Time FU5 = 2.4

ATEC Time FU5 = 1.7

Savitn, FU5 = 0.7

(reporting) Manua7' Time FU4 = 1.2

ATEC ',Time FU4 = 0.27

Saviiigs FU4 0.93

6.88% (3.OAIB + 4. 5AIC + 1. 0A3 + 0.93A4 + 0. 7A5) =

S0A1B+0. 31A1C + 0. 07A3 + 0.06A4 + 0.05A5

(Ncde - Direct - Manpower)
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!Rbtify Actaa (S. S'l iailuze r c L--om Te 17-

ozitaige- sa-idgs 16)n!3~

NA 9= 8 - 6 [(at F LA -2 E&-B - 0. 2.A-l-01-

(U-ser Ter~f~i -- y-e

'Matp-e7 Sa--ins (Vczar Tr '-LyA±c

Imm the =a=--! ,-St' a~e ir Eai Ciist
-Wi take vlzoae to di-emamue if the falimre i ar o Zb~±-e -

aisctss.4 the Lfa-Lkr- ýs e~ler--a rrsz-2Itr~g- im th- xt±~c~~ ea &.-

and testang --iL'd nc be L-val-.ed It this cae-A mot~ w ýz;e

(rAT^FiU~ szzTe tzne of4 t:- mt2- 7 IIh dm ý

&61 ~ ~ ~ ~ ~ ~ .ME (301B71:4,= .2MB-.c2

6 .O 3 0 ý. )B-0. s-*A~ x~e

Direct Action (0.7420r fai~lmre dis-:-ibtnion Lromn T2Nz Ea)

Outage Saviings (fornwi 4)

DAS =O. 74%, (AIN-D)AlA - 1. 19AIB -;-7'.29A5

0. 01 (AIND)AliA -,- 0. O8AIB - 0. 05A5

PJser Terminal-Direct-Outage)

Manpower Savings (User Terminal - Direct Action)
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sa=33 LA 0.• 9 .UD ALI. fron r1ble VI

IMED= n.0,DC-63. 2 V Y &iz~a1)

0- 9 IM 0DC- 6 .2 Ve)O -S991

63C -)0

: 19. - X 0.9991 X 25% X $0.14 ÷ 6=

0 pe:r day orSVA1- 06 DC pre YTer-

. "X.2X& e9l .- 25% X$t.14

$2. 19 V" per day or
S 9. S$ VF per year

tcra sa'iizg se±tim IA

$21.06 DC per year

VzR8-$ZTr per Year

oa.±e saidirgs 4.23 AlB from Table VI
A1B = 0.9991 from Table IV

K_- X 0. 9901

D-C ci-ntuL~s

4.23 X 9.9991 X .5% X $0.14" 6=

.02 DC per day or
$9. 02 DC per year
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VF circuits

4.22 X 0.9991 X 25% X $0.14=

$0.15 VF per day or
$53.98 VF per year

manpower savings 3.01AIB from "rable VI
AIM = 0.9991 from Table IV

3.01 X 0.9991

VP + DC circuits

3.01 X 0.9991 X 25% Y $0.13

$0.10 (VF + DC) per day or
$35.66 (VF + DC) per year x 2

$71.32 (VF + DC) per yearx2

total savings section 1B

$9.02 DC + $71.32 DC = $80.34 DC per year

$53.98 VF + $71.32 VF = $125.30 VF per year

section IC

outage savlags 2. ' AIC fnTable N.
A1C = 0.9991 from Table IV

2.11 x 0.9991

DC circuits

2.11 X 0.9991 X 25% X $0.14 + 6=

$0.01 DC per day or$4.49 DC per year

VF circuits 1
I

2.11 XO. 9991 X 25% X $0.14 =

2I
234
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$0.07 VF per day or
$U. 94 VF per year

manpower saAngs 0.37 AIC fromTable V1
A1C = 0.M991 ftom Table IV

0.31 X 0.9991

VF + DC circuits

0.31 X 0.9991 X 25% X $0. 13=

$0.U1 (•F + DC) per day or
$3.69 VF + DC) per year x 2=
$$7.38 (VF - DC) per year

toWl savings section 1C

$41.49 DC + $7.38 DC = $11.87 DC per year

$26.94 VF + $?. 38 VF = $34.32 VF per year

Total savi-n F",ncton 1

$21.06DC + $80.34 DC + $11.87 YJ= $113.27 DC per year

$798 A8 VF + $125.30 VF + $34.32 VF = $958.20 VF per year

fuxtion 2

outage savings 0.01 (AIND) A2 from Table VI
A2 = 0. 9992 from Table IV

AIND = 10.0 DC + 63.2 VF (formula 1)
40.01 (10.0 DC + 63.2 VF) 0.9992

I f• DC circuits

0.01 X 10.0 X 0. 999. X 25% X $0.14 6=

$0.0006 DC per day or
$0.22 DC per year

il 235
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VF Ciod

).0iX 63.2X0.9992X25 X$D.14=

$0.02 VF per dayor
$8.07 VP per year

nmapower sanv.fr 0.01 A2 from Table VI
A2 = 0.9992 from TbIe IV

0.01 X 0. 992

VF + DC clrcuita

0.01 X 0. 9992 X X5% x $o.13=

$0.0003 (VF + DC) per day or

$0.11 (VF + DC) per year X 2=

$0.22 (VF + DC) per year

Total savings Function 2

$0.22 DC + $0.22 DC = $0.44 DC per year

$8.07 VF + $0.22 VF = $8.29 VF per year

manpower savings = $0.22 per circuit per year

Function 3

outage savings 0.87 A3 from Table VI
A3 = 0.9993 from Table IV

0.8 7 X 0. 9993

DC circufts

0.87 X 0.9993 X 25% X $0.14 ÷ 6=

$0.01 DC per day or
$1.86 DC per year

236
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o. S. x 0. 9M-a x 25i x 30,.4L

$D.OM 'VF ÷ L:--- '41erdy, o

IU. • VV- +peryear

T winr s 0. 25a-r4

$0.01 (VF +;. DC) per day or
$2.906 "it +DC) peryear or X 2

$5. 92, (VPF DC)% per yearj ToWl sav14sp ?xtion 3

$1. 6N1+ $6. 92 DC $7.78 DC per ye-ar

$1!. 10 VF + $5.92 VF = $17.02 VF per year

Furn.tion 4

manpower savings 0.88 A4 from Table VI
A4 = 0.9989 L-om Table W7V

0.88 X 0.9989

VF + DC cirrits

0. 88 X 0. 9989 X 25% X $0.13 =

l • $0. 01 (VF + DC) per day or

: ~$10.4r,! (VF + DC) per year x 2=

$20.82. (VF + DC) per year

!237



. S DC p y&i

I

L.39 X 0. SS2 x$ $0.14. =

$0.05 VF per day or
$17.74 VF per year

maMcwei savftkp 0.17 A5 from T2N VI
AS = 0.9M2 from Table IV

0. 17 X 0. 999-2

vF + DC cI

0. 17 X 0. 99M X 25% X $0.13 I
$0.01 (1F + DC) per day or
$2.01 (VF + DC) per yearx2 =

$4.02 (VF + DC) par year

238
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sm =95 X Sb, 33•. XLw T. 2 -eS 14 IS

50 1 $~L! IWL3* CMX. ;P-35 I I =V24S

Ss.• 69V per day or

i manpower savirgq oa~rnMU 9)

1. 15 A5
A5 = 0. 9992I1.15 X 0, a9492
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=- -t; 77 P= £C
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Usimg eae V.-- a DC circut quantities for each size model site and Tablq VII,
th€e ssvL% per Fmz per ftmctioa were caclae =d ame Isted W• Table IX.

TABLE IX &SVR4GS/YEAR/FUNCTON•1

UNMMI S1dLLL LADTM RGE

14053$267,255 I $597,758

2 $ 340 $ 2,226 $ 4,880

1 3 $ 236 $ 5,670 $ 13,732

4 $ 1,253 $ 8,770 $ 22,968

5 !14,359 $ 95,631 $220,924

S$ 2,380 $ 3,093

SYSTEM $57,381 $381,932 $863,35M

Some of the ATEC equipments will be newly developed items and will have
the one time development ix*sts associated with them. in order to spread these
one time costs.. a total of 50 ATEC installations was assumed. This 50 was then
Sdvidded iato 8 large, 25 medium and 17 small sites in accordance with the density
dlst-rilxtion shown in table VM! The equipment costs for one small, medium and
large site were developed. A summary of these costs are shown in Tables X
unroogh X31.

The savings and costs for each function are compared in Table XII. The

j pay-off -• .e- year-s was calculated by dividing the cost by the savings to
arrive at the multiplying factor, A 10% discount rate was used to equate tomor-
row's dollars with today's dollars, and is tabulated in Table XIV. To establish
the pay-off period the multiplyirg factor is compared with the "accumulated sum
of the discount factor" until the closest value of the sum which is equal to or less
than the multiplying factor Is located. This establishes the integer value of the
pay-off period in years. The decimal value is established by estimating the
ciecimal multiple of the "discount factor" in the next higher year.

An examination of Table XIII shows that a small site is not cost effective.
A medium and large site requires further examination. Following are cost

245
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"fable X Small Site Costs Ey Function

EQUIPMNMT COST ESTINATE S!IALL 11TE

SYSTEMS SPICE
ENGINEERING, PARTS

FUNCIONBASIC INSTALLATION, 25% eL
FUCINEQUIPMENT ETC. COSTS BASIC

COST 100% BASIC EQUlP4ENT

1 OTPU CR- [EQUIP. COST COST

CUIT NONIT- $36.324

ORING AND $428 1,25TEST EQUIP j$6,1
FAULT ISO- $4,559
LATION L

2. EQIIIP/LINK F
MONITORING V12,284 $12,284 $3,071 $21,639

3. AUTOMATED
PATCH $104,810 $104,810 $28,203 S235.823

4. REPORTINGf

5. CIRCUIT

QUALIFICATION $136,025 $136,025 $34,008 $308,058

AND
TESTING

6. REMOTE
SITE
LOU IP/LINK

MONITORING

TOTAL SYSTEM $419,414 J $411U,414 $1140,763 I$E?3 J9-1
COST__



I

Table 1 Midium Site CGa By Function

EQUIPIENT COST ESTINATE REDIUM SITE

SYSTEIS T SPARE
BASIC EAGINFERING, PARTS

FECliOI EOQlIPIENT INSTILLATION, 25% TOTAL
ETC. COSTS BASIC

COST IP BASIC EQ4iPIENT
EiMP. COST COST

$59,909
l a $236,995 $236,995 TEST EQUIP. $58,723

: l$34,734
$|OLLTI8K }-o I

J 4r1t; t24.888 6$,222 $55,998

[ I. I

$2;90$244oa S0 59,750 1517,750j

SI l $1•• $Ii.9600 $8,500 $42,5001i1 ...I -
25 j436.556

T F.$Tl I I--{ EW . LII ZI f $2,074

iii 22, 14 S22.14 TST EQUIP- $125,198

S.SI1 711.i.S3,5 256.6 13 'i.7W725
$gS,62

•! $i-"7

, I
• i



Table MEILarge Site Cost s By Function

EQU1PIENT COST ESTIMATE LARGE SITE

BAI INWEERING, AT
EUPETISTALLATION, 25%FUNCTION' COST ETC. COSTS BASIC TOTALJ

1100% BASIC EQUIPMENT
____________ IEQUIP. COST COST

MONITORING AND $369,208 $389,208 TEST EQUIP. $3,2

FAULT $34,809
ISOLAT ION ____-

2.

EQ~PLl~$39,412 $39,412 $9,888 $88,812I

AUTOMATED $591,00 $591,500 $i47,875 $1,330,815
PATCH

4.

REPORTING $27,000 S 27,000 $8,750 $80,150

5. CIRCUIT
QUALIFICATION $255,025 $255,021,&, 5 $513,806
AND

1 8. ~~~TESTING LCTOS

6.REMOTE SITE (2 LOAIN)$15,?26
EQUIP/LINK $ 25$30,425 TEST E2UIP. j$145. 358
VONITGRING $69,232

TOTLL SYSTEW $1,342,629 j ;¾342,828 S401,308 $3, 132,524
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Toble RDiscount Factor

DISCOUNT ACCUMULATED SUN

YEARS FACTOR OF DISCOUNT
FA',TOR

I 1.000 1.000

2 0.909 1.909

5 0.826 2.735

4 0.751 3.486

5 0.883 4.169

6 0.621 4.790
7 0.565 5.355

8 0.514 5.869

9 0.467 6.333

10 0.425 6.781
11 0.386 7.147

12 0.151 7,498
13 0.31ý 7.817

1.4 0. 290 8.107
15 0. 264 8.371
16 0.240 8.611

17 G.218 8.829

1e 0.198 9.027

19 0. 180 9. 207

20 0. 164 9.37 1
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[ -~ jeffitbtive az1 ulatton, for the implbmosydation of various combination of functiona for
SL medium. &W~ large Rlt$.

The aver.o overall outage time takig into coideratioon the fa!iure distri-
bution is 86 m!nutea. Asauming an equai dietributiork of VF and DC circuits, the
average iUotermitate outage time is 37 minuta. This gives an average total
outage time of 123 mi•ix•*' per failure p.or day. Yollvwing is the calculation of
the efficiency of thA DC8 sting a 25% failure rate.

-oo% x .12 ____' 97.86%
1440 (minutea per day)

The rosults of the 'Scope Creek" testing Indicated that the DCS Is not oper-
ating 9t thIs high wa efficiency. Table XV showa the ATE1C cost effectiveness for
the DCS at 95% efficiency. Table XVI shows the ATEC cost effectiveness for the
DCS at 90% efcienqy.

Table XVII shows the ATEC cost effectiveness for the DCS at 85% efficiency.
Table XVII shows the ATEC cost effectiveness for the DCS at 80% efficiency.

The geheral formula used to calculate manpower r*quirements is 4.2 times
the number of men for a shift. FoJlowing iL the calcolations for the reduction In
mampower of the thi-ee model cites.

SMALL 20 DC ckts x $138.02 = $27G0.40
40 VF cks x•$161.20 = $6449, 0;
"general $ 124.78

Total = $9333.18

dividing by $15,950 per =.xr- = 0. 59 man per day
dIdvIdg by 3 sHta per day 0.•20 men per shift
_adtiplying by 4.2 1 man

MEDIUM 160 DC cktas x $138.42 = $22,083,20
260 VY cOts x $161. 20 = $41. $12. 05
ginerai $ 124.78

Total = 64, 119.98

dlvlding by $15,950 per man = 4 men per day
dh diiig by 3 shifit per day = 1. 34 mon p•r shift
MUjP14JpYt!g by 4, 2 asmn

"LARGE 54-0 DC ckta x $138.02 =$ 74,530,80
50 VF e'kts x $M61.20 $ 9015,72. 00
geteral $ 124.18

TotW $!64,927.58
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dividing by$159 950per man = 10. 34men perdayI
dividing by 3shifts = 345 menper shMf
multiplyingby 4.2 =14 men

256
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